‘the newest analytical tool. 


easurement of suspended particles 


hout Gitering, washing, drying or weighing 


Mepholometry is a short way te ... 


Directly measure and evaluate the clarity of liquids 
One of the earliest industrial applications of Coleman Photo-Nephelometers was 
made by distillers of whiskies. Evaluation of filters and filter media and control of 
haze in the finished whiskey is now a-standard procedure throughout this industry. 
Producers of beer and wines soon followed suit. 

Measurement and control of the clarity and sterility of parenterals is an impor- 
tant one and includes such items as: Penicillin, Streptomycin, Dihydrostreptomycin 
Neomycin Sulfate, Vitamin Solutions, 


Perform rapid quantitative analysis by measuring 
precipitates in their original environment 

Purity of industrial waters and other liquids is easily evaluated with the Nephe- 
lometer, especially at very low concentrations. For example: Electric generating 
plants now use Coleman Nephelometers for the evaluation and control of feed 
waters for high pressure boilers. Control is accomplished by Nephelometric measure- 
ment of calcium (Range 0.0—0.5 PPM) in the feed water. 


Measure suspensions which cannot conveniently 
be separated for analysis 
In bacteriology the study of the effects of nutrients and inhibitors on growth 
rates of bacteria has been given new impetus and significance by the simplicity 
and precision of the Nephelometric method. These studies include a wide variety 
of bacterial types, including: Leptospira, Actinomyces Bovis, Tubercle Bacilli, Esch. 
Coli, Staphylococci. 

The Nephelometer is useful in determination of butter fat content in dairy prod- 
ucts, and has similarly been helpful in assay of cholesterol in blood chemistry. 


= 


rn 

COLEMAN MODEL 7 NEPHELOMETER , COLEMAN MODEL 9 NEPHO-COLORIMETER 

for nephelometry only — ask for Bulletin B-213 ~~ for colorimetry and nephelometry — ask for Bulletin B-215 
write Dept. B, Coleman Instruments Inc., Maywood, Ill. 
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a important 
advantages of 
‘Baker Analyzed’ 
Reagents 


1 ACTUAL LoT ANALYSIS 
time 


3 NEARBY DistRiBUTORS 
insure quick availability 

CONVENIENT PROTECTIVE 
PACKAGING insures 
safe, easy handling 

5 ECONOMICAL CASE 
DISCOUNT PLAN 
saves you money 


© REAGENT LINE 
meets all your needs 


‘Baker Analyzed REAGENTS 


> > > Take a look at the blue dots on this rough outline map of the United 
States and Canada. There are 52 of them, which represent 78 distributors. 


Each dot represents one of the Baker points of service where a distributor is 
ready to give you fast, efficient service in supplying ‘Baker Analyzed’ 
Reagents, with the actual lot analysis on the label. 

Now take a look at the Baker label. Compare it first with the Baker 
Specification Catalog—and then with other brands. You will immediately 
observe two things important to you. 


First, the ‘Baker Analyzed’ label gives you the actual analysis of the 
impurities in the specific lot. 

Second, in ten of thirteen points of analysis, purity is higher than required 
to meet specifications. 

The actual lot analysis on every Baker label shows purity to the decimal— 


provides a quick check on your calculations and saves time. And, best of all, 
this extra quality and convenience costs you no more. 


So be sure to specify ‘Baker Analyzed’ Reagents by name, and send your 
order to your favorite Laboratory Supply House. 


FREE to Analytical Chemists 
The widely-read quarterly, CHEMIST-ANALYST. If you’re not on our 
mailing list to receive your complimentary copies, write today. Address 
Dept. J-12, J. T. Baker Chemical Co., Executive Offices, Phillipsburg, N. J. 


Baker Chemicals 


REAGENT FINE + INDUSTRIAL 
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2 HIGH CHEMICAL PURITY cord ani 
helps you achieve consump’ 
precision vessel. . 
9235-G. 
9235-R. 


A. H. T. CO. 


MAGNETIC 
STIRRING APPARATUS 


For variable speed stirring action 
within either closed or open vessels 


e Now offered either with enclosed rheostat or 
with separate rheostat for control at a distance 


e With stirring bars sealed in either Pyrex brand 
glass or Kel-F plastic 


9235-C. 


MAGNETIC STIRRING APPARATUS, A.H.T. Co. Speci- 
fication. A compact, quiet-running apparatus which utilizes 
a rotating field of magnetic force to induce variable speed 
stirring action within either closed or open vessels. Now 
offered in two executions, i.e. with either enclosed rheostat, 
which will facilitate manipulation in some assemblies; or 
with separate rheostat for contro! of speed at a distance of 
approximately 30 inches from stirrer. 

Stirring is accomplished by means of a small magnetized 
bar, sealed either in heavy wall Pyrex brand glass or in Kel-F 
plastic, which is placed in the liquid to be stirred and which 
is rotated by magnetic force applied beneath the container. 
This force consists of a permanent bar magnet attached to 
the shaft of an electric motor and mounted in an aluminum 
housing with flat top 4% inches diameter and 41 inches 
high, on cast metal base. Can be used either on the table 
or on a support rod, attached by means of a clamp with 


swivel joints. 9235-R. 
Suitable for any stirring operation which involves 1 ml to 1 
STIRRING BARS, MAGNETIZED, Kel-F Coated, Tested, 
Any type of vessel of glass, porcelain or non-magnetic metal A.H.T. Co. Specification, for use with pon ihngnatle Siners. Con- 
can be used. A ring-type burner can be used when stirring sisting of Alnico Type V, cylindrical, permanent magnet sealed in 
at elevated temperatures. transparent, durable shell of Kel-F, a polymer of trifiuorochloroethylene 


resin, specific gravity 2.1, which has negligible water vapor trans- 
mission. This non-inflammable thermoplastic is suitable for use at 
temperatures from — 200° to +200° C., and is unaffected by pro- 
longed exposure to weak and strong acids, including concentrated 
sulfuric, hydrofluoric and hydrochloric acids, fuming nitric acid, aqua 
regia and other powerful oxidizing agents, concentrated alkalies and 
mineral oils. It is equally resistant to most organic solvents but is 
swelled slightly by highly halogenated materials and some aromatics. 


9235-C. Stirring Apparatus, Magnetic, with enclosed rheostat, A.H.T. Co. 
Specification, as above described. Rheostat, with graduated dial, is mounted 
in stirrer housing. Complete with two magnetized Stirring Bars, i.e. one 
Kel-F coated, %-inch long X Y%-inch diameter; the other Pyrex brand glass 
coated, 1% inches long by 7/i¢-inch diameter; also 5 ft. 3-wire connecting 
cord and conventional 2-prong plug cap and directions for use. Power 
consumption 7 watts; for 115 volts, 60 cycles, a.c. only. Without glass 9235-U7. Stirring Bars, Magnetized, Kel-F Coated, as above 


9235-G. Ditto, but without Stirring 32.00 | Overall length, approx. inches 15/s 2 
Diameter, approx. inches 5/16 5/16 

9235-R. Stirring Apparatus, Magnetic, Original Model, A.H.T. Co. Speci- 

fieation, similar to 9235-C but with separate rheostat for control of speed inns 2.20 2.55 2.75 

ata distance of approx. 30 inches. Complete with two Stirring Bars. . 38.50 10% discount in lots of 12 or more, one size or assorted 

9235-S. Ditto, but without Stirring Bars...........0eeeeeeceees 33.40 


SYMBOL OF QUALITY ARTHUR H. THOMAS COMPANY 


A.H.T.CO. 


SPECIFICATION 
LABORATORY APPARATUS antl Keagenls 


WEST WASHINGTON SQUARE PHILADELPHIA 5, PA. 
Teletype Services: Western Union WUX and Bell System PH-72 
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An indispensable guide to modern trends in coating theory and practice... 
ORGANIC PROTECTIVE COATINGS 


Edited by WILLIAM VON FISCHER 
and EDWARD G. BOBALEK 


both of Case Institute of Technology 


Emphasizing the problems of formulation, specification and 
application of organic coatings, this much-needed new book 
describes the fundamental theory and practice of paint as an 
engineering material. 

Several chapters present the theories of physics and chem- 
istry as applied to coatings technology. Others offer typical 
case histories of progress in the coatings industry such as the 
development of anticorrosive and luminescent pigments, 
aminoplast resins, hot spray lacquers, emulsion and latex 
paints; use of organic coatings on electrical insulation; silicone 
resins in heat-resistant paints. 


All those familiar with Von Fischer’s PAINT AND VAR- 
NISH TECHNOLOGY, will welcome this new work for its 
more penetrating insight into important scientific and com- 
mercial aspects of the subject. It will prove of great value as 
a textbook for advanced courses in paint technology and 


formulation. 


1953 384 pages 


$7.50 


The latest in process equipment 


Valuable working information on 


described—illustrated —compared! methods—equipment—applications 
CHEMICAL PROCESS PRACTICAL = 
F. B. 
2nd Edition By ROBERT C. BRIMLEY and FREDERICK C. BARRETT 
Low Temperature Research Station, Dept. 
Formerly Professor of Industrial of Scientific Research, Cambridge, England w 
Chemistry, University of Buffalo 

Here, for the first time, is a concise, factual introduction to 

chromatography which includes all the latest methods, 

abreast of modern developments in the equipment of the equipment and important applications. It covers the 
chemical and process industries. Scores of new diagrams, paper, absorption, ion-exchange and partition methods of G 


photographs, and tables make the construction and opera- 
tion of the new machinery readily understandable to 
students and laymen as well as to engineers. 


Listing only equipment now avail- 
able, it describes and illustrates such 
striking new devices as multispheres 
and multicylinders, high speed cen- 
trifugal separators, the P-A cy- Lé 
clonic spray tower and Venturi 
scrubber, continuous crystallizers, | Process 
absorption refrigerators, the molec- 2 
ular still, and the turbo-drier. As 
with the previous edition, classifica- 
tion of equipment by function gives 
the discussion a natural and logical 
organization which will appeal to 
both teachers and students. 


1953 750 pages, Profusely illustrated 
$12.50 


REINHOLD PUBLICATION CORP., Inc. 


4 


chromatography, together with the most recent apparatus; 
gives first the techniques of the method under discussion, 
then the applications and diagrams are provided for setting 
up chromatograms which may be 
used for rapid indentifications of 
reactions and hydrolyses, and 
for purity determinations. 
Theoretical concepts are intro- 
duced only where they have 
direct application to everyday 
practice. 

This work, with its wealth of 
usable, how-to-do-it information, 
will p:ove indispensable as an 
advanced text. 


1953 128 pages, illustrated 
$5.00 


Dept. M-591, 330 West 42nd St., New York 36, N. Y. 
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cLeod 
Have 
Exclusive 

accuracy 


Uniformity of bore of capillary and the flattening ~ 
of upper end are made to precisely check the 
zero point, 

Scales are graduated in both the “square” and 
“linear” system, the former permitting more sen- 
sitive observations. Readings can be made in 
microns and equivalent mm. values. 

Individual precise calibration of ratio of volumes, 
permits uniformity of all scales for each range 
to conform with glass parts, which are therefore 
replaceable. 


sturdy, compactly 


short, simple construction 


Trap at top preventing overflow of mercury. 
Extra heavy wall mercury reservoir. 


8-way stopcock with tail outlet tilted, prevent- 
ing overflow of mercury in tube. 

Constriction of main tube preventing strain or 
breakage of flask by sudden return of mercury, 
All glass parts interchangeable. 


Features 


EXCLUSIVE 


superior control 


Needle valve control assures 
— setting of mercury 
evel, and specially designed 
air filter prevents contamina. 
tion of system. (Valve and 
absorption tube not shown in 
illustration are on back of 


panel. ) 


wide range 


For maximum sensitivity this 
series of gauges offers ade- 
quate selection of working 
range desired. See charts 
below. 


COMPLETE | GLASS REPLACEMENTS | 


1 G10701 005 - 200 u* .005 - 0.20 MM $87.50 $49.50 $12.50 
2 G10702 .05 - 1000 » .02-1.0 MM ; 87.50 49.50 12.50 
3 G10703 0.1 - 4000 0.1 - 4.0 MM 87.50 49.50 12.50 
4 G10704 01-15 MM 0.1-15 MM 87.50 49.50 12.50 
sabe G10704A .01 - 20 MM 0.1-20 MM 87.50 49.50 12.50 


1 
* MICRONS = —— MM, 
CRONS 1 HG 
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PHIPPS & BIRD 


Balance 
Scales CAPACITY 201 GRAMS 


AVAILABLE 
FOR IMMEDIATE 
DELIVERY 


Here at last is a practical, economical set of scales, Cat. No......----+- eee ereeee 3-752 
simply constructed, accurate and extremely durable. Only $23.50 
A glance at these exclusive features shows con- In lots of 3 or more........ $21.00 ea. 


clusively the Phipps & Bird Balance Scales are 
superior scales. 


@ Stainless steel beam @ Patented one-piece beam 


@ Cobalite knife edges construction 
@ Covered bearings @ Base and pillar crystal 
@ Sensitive level finish 
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‘Sargent 
Model 


A very sensitive, stable measuring instrument for chemical 
analytical procedures, based on the electrical properties 
of the substances to be identified, differentiated or deter- 
mined. Opens a new broad field for the development of 
analytical methods and control procedures. 

Readings are made in scale units having the dimensions 
of capacitance, and are proportional to that capacitance 
which is equivalent to the effect of the sample on the LC 
ratio of an oscillator. 

In its measurement of characteristics, it recognizes 
resistivity, electrical moments of the molecule and all 
factors contributing to the dielectric constant. 

Unlike prior electrometric instruments for chemical 
purposes, the Oscillometer operates with the samples 
isolated in glass cells, having no structural connection 
of any kind with electrical circuits, and so precludes any 
possibility of electrolytic alteration of sample composi- 
tion and of contamination by diffusion effects or metallic 
solubilities. 

In terms of dielectric constant as applied to the 
measurement of non-aqueous substances, the sensitivity 
and reproducibility of the Sargent Chemical Oscillometer 
averages about 1/300 (one three-hundredth) of a dielectric 
constant unit, when using full range cells. Stated other- 


SARGENT 


CHEMICAL 


OSCILLOMETER 


wise, the range of dielectric measurement from air to 
water corresponds with a scale range in the oscillometer 
of roughly twenty-four thousand units, reproduceable 
within approximately one such scale unit, insofar as 
instrumental characteristics are concerned. 

In application to electrolytes, as in titrations normally 
considered conductimetric or potentiometric, the sensi- 
tivity of end point indication is best in the lower range 
of common conductivities but is excellent in reactions of 
strong acids and bases as well, provided the reaction 
medium can be held to a maximum concentration in the 
order of magnitude of 1/100 normal. 

The detection of water in non-aqueous media is ex- 
tremely sharp and indicates direct procedures in many 
instances. 

Total working scale range is thirty-two thousand scale 
units, applied by a multiple-turn dial and additive range 
switches. Internal range checking standards are incorpo- 
rated. The frequency is five megacycles. 

Estimated inherent instrumental precision, 1/10%. 

Small and large cells are supplied, one for samples from 
5 to 12 ml and the other for titrations. The titration cell 
accommodates a glass stirrer operating continuously with- 
Out prejudice to the accuracy of measurements. 
$-29180 SARGENT CHEMICAL OSCILLOMETER, 
with two interchangeable cell holders and cells. Available 
for prompt delivery............ 


NEW SARGENT CATALOG 


== NOW AVAILABLE 


SCIENTIFIC LABORATORY INSTRUMENTS » APPARATUS - SUPPLIES © CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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automatic glass and ceramic 
pick-up tweezer marking pencil 
Tipped with a sharp, wear. 
cast tly in a 


a it 
al slight 
venience. 


boiling "its hexagonal shaped 
steam sterilization, they are ideally suited for holding of ee 
objects where finger handling is undesirable. 


Automatic Pichap Dicmond Masking 9850 
Polyethylene KEMFLEX polyethylene tubing 
FUNNELS 
now available 
in four sizes 


$36-851 Polyethylene 


Funnels 

Diam. Each Dozen 

71/4” $15.00 

Wall 

$.21 $.17 $.12 
3/16" 1/16” "40 "28 99 16 
1/4" “48 "39 95 19 
3/8” ‘52 38 "32 26 
1/2” 1/16" 65 "46 "40 33 

* Above prices are per foot. 
One stopcock controls all action... ° EMSON schellbach type 


volumetric flasks 


MACHLETT COST NO MORE! 


Automatic 

Burettes and Pipettes Designed to expedite the task of precision liquid 
measurement, the new EMSON schellbach type 
volumetric flask costs no more than ordinary +E 
flasks. Because it utilizes a clear, yellow-pig- 
mented graduation running through a schellbach- 
type background, the solution level stands out 
clearly to enable faster, simpler readings. 


Machlett Auto-Burettes and Pipettes are of in- 
stant appeal because of their extreme simplicity 
of construction and operation. There are no 
rubber bulbs to press nor any complex valves to 
adjust—just one precision ground stopcock con- 
trols all action. For further information write 
for Bulletin A-B. 


$8-526 Auto-Burettes are made of ‘‘Pyrex" 
brand chemical glass, and are graduated to 
Bureau of Standards’ Prices 
complete with iron tripod stand. Teflon 
stopcock plug is available for Auto- 
Burette, only, if desired, add $15.00 to 
prices listed. 


All flasks are calibrated on the basis of the metric liter and their 
volumes adjusted for a temperature of 20°C. subject to the 
tolerances listed below. 


Burette eservoir $71-645 Automatic Pipette made of #836-155 #S36-235 
Cap., ml. divisions = mi. Price pyre” broad chemical glass complete Size ml. Tolerance mi. without Stopper with Stopper 
2 0.01 500 $26.50 28 illustrated. Special sizes can be 10 +0.06 $ .85 $1.40 
5 0.02 1000 28.00 blown to your specifications. 25 0.06 .90 1.45 
5 0.05 1000 27.00 Reservoir Pipette 50 0.10 95 1.50 
10 0.05 1000 29.50 Cap., mi. Cap., ml. Price 100 0.16 1.00 1.70 
25 0.10 2000 32.00 1000 5 $24.25 200 0.20 1.35 1.95 
2000 50 28.75 1000 0.60 200 2:90 
lass or with s: ing pettes available in Amber- scount o any one size. 
Sightly increased price. ized glass at slightly higher price. Additional 5% for six dozen lots. Latter may be assorted sizes. 


All Prices F. O. B., New York, N. Y. 


(220 East 23rd Street + New 10, ro, 
APPARATUS  SUPPLE&ES CHEMICALS 
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SPEEDY, PRECISE, RELIABLE 


FISTER’S MANUAL OF 
STANDARDIZED 
PROCEDURES FOR 
SPECTROPHOTOMETRIC CHEMISTRY 


Contains 224 


Coleman Jr. (MODEL 6) 
SPECTROPHOTOMETER 


For rapid, routine analysis, control and research 
where only spectrochemistry is worked. Com- 
plete with plastic light shield, mounting pads, 


transmittance-density METHODS for 
scale , operating direc- the determina- 
tions and constant tion of 115 
voltage transformer. SUBSTANCES 


For use on 110-120 
volts, 60-cycle. A.C. 
only. 


in various bio- 
logical fluids, 
Includes 115 
CALIBRA- 
TION CURVES 
and 6 CHARTS. 
339 TESTS can 
be performed 
from the 728 
PAGES of this 

$30.00 manual that will 

pay for itself many times over. 


Coleman Universal 
(MODEL 14) 
SPECTROPHOTOMETER 


A multi-purpose instrument for spectrochemistry 
that can be adapted for photofluorometry, nephel- 
ometry and spectro and electro titrations. Sup- 
plied with top-carrier, 
filter, transmittance- 
density scale, mount- 
ing pads, operating 
directions 
and constant 
voltage 
transformer. 
For use on 
110-120 
volts, 60- 
cycle. A.C. 
only. 


TANDARD SCIENTIFIC SUPPLY CORP. | 
4 West 4th Street New York 12, N.Y. 
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Reviewers comment on 2 Macmillan Texts 


A The American Scientist—October 1952 


COURSE “This is an unusually well-illustrated text containing 393 self-study 
questions and 52 problems with answers. It was written to meet the in- 
a. creasing demand for a textbook suitable for beginning college chemistry 
classes comprised largely of nonchemists. The author's aim, as stated in 
COLLEGE the preface, is twofold: (a) to teach the nonchemist a little about the 
method of science, the periodic classification of the elements, and enough 
CHEMISTRY basic chemistry to be able, later, to (b) give: the student at least an 
introduction to the chemistry of daily life, enabling him in some degree a 
By to avoid chemical blunders at home and at work, and to understand x 
V. R. DAMERELL something of the fundamental chemistry of nature.” 
... “Taken as a whole, this book adequately meets the objectives as 
(1952 — 587 pp., $5.50) stated by the author . . . This book should ot Pama interest eehaddieeey 


among non-science majors and non-chemists.” H.C. Harrison 


LABORATORY EXPERIMENTS IN COLLEGE CHEMISTRY, a valuable lab manual, complements 
the text. 124 pp., $1.75 


The Journal of Chemical Education— 
December 1951 


“This text fills a need which has existed for some years. It is about a 


decade since even a revised edition of an elementary chemistry book for home INTRODUCTORY 


economics students has appeared. The author suggests that it may be used 


also with other groups interested in the applied biological sciences. This 

suggestion is pertinent to college students in nursing and physical educa- - CHEMISTRY 
tion programs. By 

... “The content of the book is widely chosen. Over half of the text is 

included under the heading of ‘Introductory Chemistry.’ The balance one. Raven 
consists of approximately 10 per cent biochemistry, and 6 per cent textile (1951 —532 pp., $5.00) 


chemistry.” 


... “In conclusion, the author has done a splendid piece of work which 
should meet with wide approval from the group for which the book has 
been written. The conciseness and clarity of its style alone should win it 
favor. Its applications are excellent.” Helen I. Miner 


LABORATORY MANUAL FOR INTRODUCTORY CHEMISTRY, may be used to good advantage 
with this text. , 114 pp., $1.75 


60 FIFTH AVENUE, NEW YORK 11, N. Y. 
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Matheson, Coleman & Bell Reagent Chemi- 
cals include practically all of the items used 
in research and analytical work. The Re- 
agent Inorganic Chemicals carry upon the 
label a statement showing the maximum 
limits of impurities allowed. The Reagent 
Organic Chemicals are manufactured to pass 
the specifications shown in our price list. 
In addition to Reagent Inorganic and Organic 
Chemicals we offer many items of U.S.P., 
N. F., Practical and Technical quality. 


Complete stocks of MC&B items are carried at our 
East Rutherford and Norwood plants and are avail- 
able either through your laboratory supply dealer 
or from the East Rutherford or Norwood offices. 


OUR NEW 814” X 11” CATALOG, OF OVER 100 
PAGES, LISTING 3911 REAGENT CHEMICALS, BIO- 
LOGICAL STAINS, CHEMICAL INDICATORS AND 
SOLUTIONS WILL BE SENT TO YOU UPON REQUEST. 


@ ATHESON COLEMAN & BELL 


DIVISION OF THE MATHESON CO., INC. 


THE MATHESON CoO. 
carries the world’s 
most diversified line 
of COMPRESSED GASES 
and GAS REGULATORS 


Manufacturing Chemists 


EAST RUTHERFORD, NEW JERSEY 
NORWOOD (CINCINNATI), OHIO 
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READY FOR 


ime was when laboratory people 
kpected any reactive solution to re- 
hove the ne thee: filler from the lines 
d numbers of their thermometers. 
ithout the colored filler it was diffi- 
It to read the instrument —the best 
swer was to rub crayon into the 
es, and hope the solution wouldn’t 
¢contaminated too much. 

Now, no laboratory worker needs 
) put up with this nuisance, because 
imble has developed a new filler 
phich becomes an integral part of the 
hermometer glass. This filler is as 


Visit our Booth, No. 408, at the 
International Chemical Exposition, 
Philadelphia. 


A LONG BATH IN 


permanent asglass itself. Now, Kimble 
thermometers can be immersed in 
powerful organic solvents and in- 
organic solutions for a long time, yet 
the lines and numbers will stay crisp 
and easy to read. 

These new Kimble Exax thermom- 
eters are made in a variety of ranges, 
including those specified by the 
American Society for Testing Materi- 
als. Kimble Exax thermometers are 
one more of the many Kimble con- 
tributions of engineered glass prod- 
ucts to the nation. 


Kimble Serves —with Glass 


1953 Please mention CHEMICAL EDUCATION when writing to advertisers 


BOILING ACID 


KIMBLE PRODUCTS 


Custom-made Bottles... Pressed Glass- 
ware... Clinical Glassware ... Opticlear 
Vials ...Television Bulbs... Communi- 
cation and Power Insulators ...Color- 


Break Ampuls...Insulux Glass Blocks... 


Laboratory Glassware ... Thermometers 
and Hydrometers ...Towel Bars... 
Glass Rod and Tubing... Chemically 
Resistant Glassware 


KIMBLE GLASS COMPANY 


Toledo 1, Ohio—Subsidiary of Owens-Illinois Glass Company 
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at a 23% saving! ! 


} : ere’s an opportunity to purchase laboratory glassware tor 
sath bd roherre a schoo! at the lowest cost in years. For the first time 
STOPCOCK PINCHCOCK since 1918, when we began to manufacture and sell quality 
. technica! glassware to laboratory supply houses, the W. T. 


NO. 2010 NO. 2050 
FLASK, 
VOLUMETRIC 


ASK, 
VOLUMETRIC 


Wiegand Corp. is making its products available directly to 
secondary schools and colleges at an unprecedented saving. 
: AE The following items are accurately calibrated and guaranteed 
! 1 to meet the Volumetric Tolerances specified in the U. S. Govern- 
ep et ment's specifications for Glass Volumetric Apparatus (DD-V- 
581): 
in 1 50 
Ne, Item MI. Case Case Cases Cases Cases 
4 = 5010 Burette, Pinchcock 10 24 24.40 23.25 22.15 21.10 3 
2 25 24 27.50 26.20 24.95 23.75 | 
f 50 24 27.50 26.20 24.95 23.75 al 
4 4040 Pipette, Measuring 1 72 36.70 34.95 33.30 31.70 | 
4.95 33.30 31.70 
5 72 36.70 34.95 33.30 31.70 
| 10 72 7 70 37.80 Aa 
4080 Pipette, Serological 1 72 38.10 36.30 34.55 4 
2 72 38.35 36.50 34.75 33.10 5 
5 72 38.35 36.50 34.75 33.10 
10 72 4 43.70 41.60 39.60 ‘NO. 6050 
2010 Flask, Volumetric 10 36 18.75 17.85 17.00 16.20 CYLINGES 
25 36 19.15 18.25 17.40 16.55 
50 36 -00 19.05 18.15 17.30 
100 36 21.70 -65 19.65 18.70 
2050 Flask, Volumetric 10 36 30.45 29.00 27.60 26.30 
* 25 36 30.85 29. 28.00 26.65 
50 36 10 30.55 29.10 27.70 
100 34 36.70 34.95 33.30 31.70 
6050 Cylinder 10 72 40.00 38.10 36.30 34.60 
25 72 4490 42.80 40.80 38.90 
50 72 51.60 49.10 46.80 44.60 
100 36 27.15 25.85 2460 23.45 
4010 Pipettes, Transfer 1 72 24.20 23.05 21.95 20.90 as 
2 72 24.20 23.05 21.95 20.90 
5 72 28.40 27.05 25.75 24.50 : 
72 33.35 31 30.25 28.80 


Above items sold in case units only. Case units may be assorted to 
get quantity discount price. Vineland, N. J. 


NO. 4080 NO. 4010 ; 
PIPETTE, SEROLOGICAL PIPETTE, TRANSFER 


W. T. WIEGAND CORP. 


VINELAND, NEW JERSEY 
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Check These McGraw-Hill Books 


RADIATION BIOLOGY, Volume | 


Edited by ALEXANDER Oak Ridge National Laboratory. 
In press. 


> 
= 
= 


This is the first of an important three volume reference text under the 
sponsorship of the National Research Council. These volumes will provide 
a completely up to date, detailed discussion of biological effects of radiation 
from physical, chemical and biological points of view. This first volume 
covers ionizing radiation, the most important source of damage. 


RADIATION BIOLOGY, Volume II 


Edited by ALEXANDER HoLiaENpER, Oak Ridge National Laboratory. 


| In press. 
Volume II describes the effect of the ultraviolet part of the spectrum. Since 
.f many of the fields of ultraviolet and ionizing radiation are overlapping, a 


good part of the ionizing radiation effect is not discussed in Volume I but is 
discussed in this volume. In addition it is of special interest to investigators 
in food preservation, industrial application of ultraviolet in general, health 
aspects of ultraviolet, and the use of ultraviolet as an analytical tool. 


INORGANIC SYNTHESES, Volume IV 


Edited by Joun Baixrar, University of Illinois. Inorganic Syntheses 
Series. 218 pages, $5.00 


This is the fourth volume in a series concerned with the methods of prepar- 
ing important inorganic compounds. The book is intended primarily for re- 
search workers and others who need the compounds in question for chemical 
work, and as a textbook for advanced undergraduate and graduate courses 
in inorganic preparations. 


QUANTITATIVE PHARMACEUTICAL CHEMISTRY. 
New 4th Edition 


By GLENN L. Jenkins, Purdue University, Joun E. Curist1an, Purdue 
University, P. Hacer, University of Maryland. McGraw-Hill 
4 Publications in Pharmacy. 534 pages, $6.50 


Completely revised, this book offers not only the latest official methods for 
the analysis of pharmaceutical materials, but also presents generally appli- 
cable non-official methods. With the addit-on of new questions and problems, 
the book is an effective text for students and a valuable reference for analysts. 


Send for copies on approval 


IMcGRAW- HILL BOOK COMPANY, Inc. 


330 West 42nd Street New York 36, N. Y. 
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long life 


s impor 


tant in laboratory glassware, too 


One thing about the elephant. He’s a rugged 
fellow who stays around for a long time, pays 
back many times his cost in service. 
Experienced school laboratory instructors 
know that the same thing is true of PYREX 
brand laboratory glassware. The secret of its 
economy and safety lies in its long service life. 
You can depend on its sturdy construction 


to withstand rough, day-to-day use by inex- 
perienced hands. Its functional design makes 
assembly and disassembly easy. 

You'll get the maximum in economy, safety 
and durability with PYREX brand laboratory 
glassware. Your laboratory supply dealer 
stocks the complete line. Call him today. He 
is always ready to serve you. 


PYREX BRAND TEST TUBES—Proved 
by careful school records to be the 
most serviceable you can buy. Made 
from tubing carefully selected and 
annealed for strength. Available 
with and without side arms. 


PYREX BRAND WEST-TYPE CON- 
DENSERS—Designed for rough 
service. Bulbs at outlets protect 
condenser tube and permit rugged 
seal to outlet. Smaller jacket 
speeds water flow and increases 
condensing efficiency. Outlets on 
same side for convenience. 


GRADUATED CYLINDERS—De- 
signed for utility. Sturdy hexag- 
onal base provides extra stability, 
prevents rolling if cylinder is laid 
on its side. Reinforced rim reduces 
breakage. 


® 
PYREX the laboratory glassware that gives you economy, accuracy, durability 


CORNING GLASS WORKS, Corning, New York 
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For many 

months, Mallinckrodt 
worked with glass industry engineers to 
perfect the STORMOR bottle. That’s why 
it’s far more than just a new package design 
— it’s a specialized container engineered 

to make it easier for you to use 

Analytical Reagents. 


“It is the most helpful advance in reagent 
packaging in many years,” was the 

reply when Mallinckrodt checked 
independent chemists who used AR’s in 
“STORMORs”. They liked the feel of the 
bottle’s concave sides, and they appreciated 
the space it saved. Its modern 

appearance in the laboratory pleased 

them, and they thought the new label had 
better visibility. 


Today Mallinckrodt AR’s in STORMOR 
bottles (1 Ib. and 14 Ib. sizes available, 
except liquids) are standard laboratory 
equipment throughout the country. 

Sharp increases in the number of chemists 
using AR’s leave no doubt of this. Ask 
your Mallinckrodt dealer for AR’s in 
“STORMORs’ — you’ll pay no premium. 


MALLINCKRODT CHEMICAL WORKS 
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you'll get unsurpassed 
purity and dependability 
these STORMOR advantages... 


*Trode Mork 


ST. LOUIS - NEW YORK CHICAGO CINCINNATI - CLEVELAND 
LOS ANGELES + PHILADELPHIA + SAN FRANCISCO - MONTREAL + TORONTO 
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Local ‘stocks mean 


more efficient service... 


More than 600 Merck Laboratory Chemicals are 
quickly available on a local basis from 67 strategi- 
cally located supply houses. Next time you order, 
specify MERCK for “precision reagents” of out- 
standing purity, uniformity, and dependability. 


Merck Laboratory Chemicals 
AVAILABLE from the following Local Supply Houses : 


ALABAMA 

McKesson & Robbins, Incorporated 
(Doster-Northington Div.) 
Laboratory Supply Dept. 
1706 First Ave., Birmingham 3 


Chico Labor d X-ray Supplies 
ico ratory and X-ray Supp! 
335 West McDowell Road, ivenix 
CALIFORNIA 


A. S. Aloe Co. of California 

(Branch of St. Louis, Mo.) 

1150 So. Flower St., Los Angeles 15 
Braun-Knecht-Heinmann Co. 

1400 Sixteenth St., San Francisco 19 
Central Scientific Co. of Calif. 

1040 Martin Ave., Santa Clara 
Central Scientific Co. of Calif. 

(Pacific Laboratory Div.) 

6446 Telegraph Road, Los Angeles 22 
Los Angeles Chemical Co. 

Laboratory Chemical Div. 

1960 Santa Fe St., Los Angeles 21 
National Chemical Co. 

‘estern Surgical Supply 

661 S. Burlington Ave., Los Angeles 5 


COLORADO 
The Denver Fire Clay Com 
2301 Blake St., Denver 1 


CONNECTICUT 

The Lea Manufacturing Co. 
16 Cherry Ave., Waterbury 20 

FLORIDA 

Medical Supply Co. of Jacksonville 
P.O. Box 4369, 420 W. Monroe St., 
Jacksonville 1 

GEORGIA 

Estes S.-rgical Supply Co. 
56 Auburn Ave., N. 

Southern Scientific Co., 


> 


A. Daigger & Company 
159 W. Kinzie St., Chicago 10 
Arthur S. LaPine & Company 
6001 South Knox Ave., Chicago 29 
E. H. Sargent & Co. 
4647 West Foster Ave. .» Chicago 30 
ey & Company 
754 W. St., Chicago 7 
Standard Science Supply Co. 
1231-39 N. Honore St., ame 22 
Wilkens Anderson Compan 
25 West Division 51 


INDIANA 
Clark Chemical & Supply Company, Inc. 
1527 Miller St., Indianapolis 7 


KANSAS 
ee Scientific Corp. 
122 S. St. Francis, Wichita 2 


KENTUCKY 
Allied Scientific Co. 
555 South First St., Louisville 2 


MARYLAND 
Wil) Corporation of Maryland 
14 W. Barre St., Baltimore 1 


MASSACHUSETTS 
Howe & French Inc. 
99 Broad St., Boston 10 
E. F. Mahady Co. 
851 Boylston St., Boston 16 
Peakes Laboratory Supply Co., Inc. 
22 Lexington St., Rear, Waltham 54 


MICHIGAN 

Harshaw Scientific Division 
of The Harshaw Chemical Company 
9240 Hubbell Ave., Detroit 28 

E. H. Sargent & Co. 
1959 East Jefferson, Detroit 7 


MINNESOTA 
Hawkins Chemical Company 


890 New Gamiceke ‘Ave. N. WwW. 3100 East Hennepin Ave., 
Atlanta Minneapolis 13 
ILLINOIS MISSOURI 
K. G. Cole Chemicals, Inc. Aloe Scientific Division 
66 By-Pass South and B &O Railroad, A. S. Aloe Company 
Springfield 5655 Kingsbury Ave., St. Louis 12 
Precision Reagents 
For Accurate Analysts 
18 


Heil Corporation 
210 S. 4th St., St. Louis 2 
Kansas City Laboratory Supply Co. 
307 Westport Road, Kansas City 2 
Millard Heath Co. 
325 Olive St., St. Louis 2 


MONTANA 
Northwest Chemical Laboratories, Inc. 
1924 4th Ave., No., Billings 


NEW JERSEY 
to R. Greiner Company 
221 High St., Newark 2 
General Laboratory Supply Co. 
P. O. Box 2607, Paterson 
Para Laboratory Supply Company 
221 N. Hermitage Ave., Trenton 8 
Scientific Glass Apparatus Co., Inc. 
100 Lakewood Terrace, Bloomfield 


NEW YORK 
Ace Scientific Supply Co., Inc. 
810 Broadway, New York 3 
Amend Drug & Chemical Co., Inc. 
117-119 E. 24th St., New York 10 
0-26 N. Moore 4 4 York 13 
Che ical Inc. 
871-947 River Road, 
North Tonawanda 
Standard Scientific Supply Corp. 
34 West 4th St., New York 12 
Willi 
P. O. Box 1050, Rochester 3 
Will 

(Branch of Rochester) 

596 Broadway, New York 12 
U. S. Scientific Supply Co. 

1368 Flatbush Ave., Brooklyn 


NORTH CAROLINA 
Cardinal Products, Inc. 
P. O. Box 1611, Durham 


OHIO 

Ace Chemical Company 
216 Elm St., Cincinnati 2 

Crowley Thompson Chemical Co. 
Lederer Terminal, Foot of E. 9th St., 
Cleveland 14 


RAHWAY, 
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The Kauffman-Lattimer Co. 

(App. Dept.) 

230 N. Front St., Columbus 16 
Harshaw Scientific Division 

of The Harshaw Chemical Co. 

1945 E. 97th St., Cleveland 6 
The Rupp & Bowman Co. 

315 Superior St., Toledo 3 
OKLAHOMA 
Refinery Supply Co. 

621 E. 4th St., Tulsa 3 
PENNSYLVANIA 
Edward P. Dolbey & Co. 

P. O. Box 7316, Philadelphia 1 
Scientific Equipment Company 

3527 Lancaster Ave., an 4 
Arthur H. Thomas Compa 

W. Washington “Philadelphia 
TENNESSEE 
Kay Scientific Division of 

Kay Surgical, Inc. Laboratory 

Supply Department 

1144 Madison Ave., Memphis | 
Nashville Surgical Suppiy Co. 

hurch St., Nashville 3 

Technical Products Company 

19 N. Dunlap St., Memphis 
TEXAS 
E. H. Sargent & Co. 

5915 = St., Dallas 10 
Refinery Supply 

2215 Sieitiome. | P. O. Box 20509, 

Houston, Texas 
UTAH 
Denver Fire Clay Company 

225 West South Temple, 

Salt Lake City 1 
WASHINGTON 
Scientific Supplies Co. 

122 Jackson St., Seattle 4 
WEST VIRGINIA 


_ B. Preiser Company, Inc 


416 W. Washington St, Charleston 2 


WISCONSIN 
Roemer Drug Co. 
606 N. Broadway, Milwaukee 2 


MERCK & CoO., Inc. 
Manufacturing Chemists 


NEW JERSEY 
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Introduction to Semimicro Qualitative 


Analysis 
By C. H. SORUM, University of Wisconsin 


This one-semester text introduces the freshman chemistry student to semimicro qualitative 
analysis based on hydrogen sulfide precipitation. The fundamental principles are outlined as 
notes following the procedures in which they are applied. 


192 pages @ 55%" x 833" @ Published 1949 


Quantum Chemistry 
By KENNETH S. PITZER, University of California at Berkeley 


In this text, Dean Pitzer has reduced to a minimum the mathematical requirement for an 
understanding of Quantum Mechanics, while retaining a rigorous and logical presentation of 
all essential elements. The entire text is completely up-to-date, as will be noted from the 
chapter on Nuclear Phenomena and the attention given to radiofrequency (microwave) spec- 
trometry at several points. 

492 pages @ 554" 6%" Published April 1953 


Selected Topics in Modern Instrumental 


Analysis 
Edited by DAVID F. BOLTZ, Wayne University 


This is an authoritative and comprehensive presentation of the most widely used methods of 
modern instrumental analysis written by ten authors, each a specialist in his particular field. 
Fundamental principles and practical applications are presented primarily from the viewpoint 
of the analytical chemist. Questions and problems are included. 


500 pages @ 6"x9" @ Published December 1952 


Chemical Thermodynamics 


Basic Theory and Methods 
By IRVING M. KLOTZ, Northwestern University 


This book presents the foundations and interrelationships of the theory of thermodynamics, 
and shows the student how to apply these principles to practical problems. Necessary mathe- 
matical tools and computational techniques are fully described and illustrated. 


416 pages @ 6"x9" @ Published 1950 


Principles and Methods of Chemical 


Analysis 
By HAROLD F. WALTON, University of Colorado 


This new text presents a comprehensive study of the fundamentals of modern non-instrumental 
analysis, at a level suitable for upperclass or graduate students who have a knowledge of 
physical chemistry. Emphasis is placed on physico-chemical principles. The book displays 
the tools of the analytical chemist, explains how each works, what it will and will not do, and 
how it may be used to solve new problems. 


420 pages @ 55%" x 833" @ Published August 1952 


Send for your copies today! 
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PIPING 


for 
CORROSIVE 


SERVICE 


The unit illustrated above is a Knight- 
Ware Fume Collector Assembly. Along 
with Knight-Ware Corrosion-Proof Duct- 
work, fittings and fan adapter, it was 
installed to remove noxious fumes from 
a large industrial laboratory. 


Knight-Ware is a tough ceramic made 
especially for handling corrosives. It is 
corrosion-proof throughout against acids, 
alkalies, and other corrosives. No expen- 
sive molds are required in its manufac- 
ture; hence, special designs can be fab- 
ricated at relatively low cost. 


Knight-Ware pipe, sinks, sumps, fume 
ducts, etc., can be installed by any com- 
petent plumber. Knight-Ware is widely 
used in colleges, hospitals, laboratories 
and publishing plants, as well as indus- 
trial, chemical and 
pharmaceutical plants. 


Write for Bulletin 
12-Y, Knight-Ware 
for complete de- 
tailed information. 


MAURICE A. 
KNIGHT 


212 Kelly Ave., Akron, O. 


This helpful 
new booklet 
on modern 
Spectrophotometh 


Get your Free copy 


of this helpful new Beckman 
booklet now from your nearest 
authorized Beckman Instrument 
dealer. Or write for Bulletin 21-36 


Beckman Instruments include : pH Meters and Electrodes — Spectrophotometers — Radioactivity Meters — Special Instruments 


By means of a great new 
science — Spectrophotometry= 
laborious, time-wasting analyti- 
cal procedures are rapidly being 
replaced with faster, simpler 
methods of chemical analysis 
and control. 

This booklet, complete 
with color charts and illustra 
tions, provides for the first time 
a basic. summary of the impor 
tant facts to know about the 
interesting subject of Spectro 
photometry... 


> it explains the principles of Spectre 
photometry — how light beams are used 
to simplify the various types of chem 
ical analyses. 


Dit shows typical absorption spectra 
and how they are used to quickly iden 
tify the individual chemicals and chem 
ical compounds. 


> It tells what to look for in a Spectro 
photometer and why .. . the importance 
of adjustable band widths—wide wave 
length range—and how to be sure of 
maximum versatility in the equipment 
select. 


It outlines typical money- and time 
7 saving applications for modern Spee 
; trophotometric equipment, ranging from 
medical laboratories to bottle-making 
machines . . . synthetic rubber plants te 
food processing operations . . . painl 
making to criminal investigations. 


BECKMAN INSTRUMENTS, INC. 


SOUTH PASADENA 1, CALIFORNIA 


I 


JOURNAL OF CHEMICAL EDUCATION, DECEMBER, 195§ Please 


i 
KNIGHT- WARE 
wemicat 
SP 
Tom 
ag 
4 4 
# 
: 
4 
273-C—Single Sén. T 
ERA 
273-B- Double T-Y 
le 
i 271-CO i 
262 Running Trap with Special 
: 


\ 
DRIVER-HARRIS 
COMPANY USES 


HIGH FREQUENCY COMBUSTION UNIT 


In Harrison, New Jersey, this single station 
Lindberg High Frequency Combustion Unit is 
being used with a gravimetric train for carbon 
analysis in the laboratories of Driver-Harris Com- 
pany, nationally known manufacturer of wire, 
alloy fixtures and furnace strip parts sold under 
their registered trade-mark “NICHROME.” 


There are many good reasons why Driver-Harris 
and hundreds of other companies in all parts of 
the United States and Canada are using Lindberg 
High Frequency Combustion Units for the igni- 
tion of iron-steel samples in carbon and sulfur 
determinations. 


Here are some of them: 


Lindberg “HF” combustion units are ready 
for instant use . . preliminary warm-up only 


LINOBERG ABoRATORY EQUIPMENT 


Laboratory Division, Lindberg Engineering Company, 2478 West Hubbard Street, Chicago 12, Illinois 


once a day requires 57 seconds. 


They take only a small fraction of the power 
required by resistance element furnaces. 


“Vycor” glass combustion tube permits easy 
visibility of operation . . costs only one-half 
as much . . lasts many times longer than the 
old, conventional furnace tubes. 


Only samples are heated . . no excess heat in 
laboratory . . no elements to burn out. 


For additional information call your nearest laboratory 

equipment dealer listed in the yellow pages of your lo- 

cal telephone directory . . or write for bulletin #1000. 
Leading Laboratories Like 


LINDBERG LABORATORY EQUIPMENT 
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HEATING MANTLES 
with ALUMINUM 


O INSURE longer mantle life, the entire Glas-Col Elec- 

| tric Heating Mantle line is now available, if desired, 

with attractive aluminum housings which feature built- 

in support clamps where needed. The aluminum housing pro- 

tects the outside of the heater element-without sacrificing the 

softness of the inner lining. It also protects the glass fabric 

from damage due to accidental boilover of chemicals . . . pre- 

vents the insulation from being disarranged with long use . . . 
and preserves its efficiency. 


Glas-Col Mantles are a safe and economical means of heating 
various types of vessels commonly employed in chemical 
laboratories. Actual tests prove that the concealed wiring does 
not cause fire even when impregnated with inflammable fluids. 
Constructed of glass fabric, the mantles may be safely oper- 
ated up to a maximum fabric temperature of 450° C. For 
applications requiring very high temperatures (to 700° C.), 
quartz fabric mantles with quartz wool insulation may be 
ordered. 


Outstanding features include: (1) Safe, even /heat distri- 
bution. (2) Exact heat input easily obtained. (3) Flask pro- 
tected against breakage. (4) High thermal efficiency—over 
80%. (5) Rugged construction. 


Complete descriptive information and nrices will be sent on 
request. 


1, for Round Bottom Flasks 
2. for Buchner Funnels 
3. for Fritted Disc Buchner Funnels 
4. for Stainless Steel Beakers 
5. for Griffin Type Beakers 
6. for Resin Distillation Flasks 
7. for Evaporating Dishes 
8. for "Pyrex"’ Jars 
9. for Bottles 
10. for Resin Reaction Flasks 
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Vertical range 100 cm 

Vernier reading to 0.05 mm 
Telescope with rack and pinion 
Working distance 45 cm to infinity 


Tangent screw adjustment 
Level sensitive to 50 seconds of arc 
Vertical shaft of Stainless Steel 


This cathetometer is intended for measurements and 
observations in both industrial and educational labora- 
tories wherever an inexpensive instrument of good pre- 
cision is needed. It is rigidly constructed and every 
essential adjustment can be made simply and positively. 


The telescope is mounted horizontally on a carriage 
which may be moved up or down or around the 30-mm 
vertical rod. A  tangent-screw adjustment permits pre- 
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Oper members of the Division of Chemical Educa- 
tion of the American Chemical Society will remember 
that the founding of the Division in 1923 grew out of 
the study and consideration of the problem of corre- 
lating the teaching of chemistry in secondary school 
and college. One of the first, and for many years the 
most active, committees of the Division was the 
Committee on Correlation of High-school and College 
Chemistry. Much of the time was taken up in the 
early meetings of the Division in discussion of this 
problem. The early volumes of THIs JoURNAL contain 
many contributions on this subject. 

Then for some time the discussion seemed to have 
burned itself out. There just wasn’t much to be said 
about it which hadn’t already been said many times. 
The old Correlation Committee was discharged, after 
several years of activity and the publication of several 
reports which were carefully considered but which never 
led to any very tangible results. 

For this wasn’t—and isn’t—a “‘problem’”’ which can 
be studied and “solved’’: it has to be promoted. For 
itis of course a continual situation. And now we find 
active interest in it building up again. It is proposed to 
make it a special topic for discussion again at the next 
meeting of the Division, as well as for one of the 
Workshops in Chemical Education next summer. 

It may be too much to expect anything particularly 


new but it is true that the situation is now rather 
different in both college and secondary school from that 
a couple of decades ago when the matter was under 
more active discussion. There are recent new move- 
ments in professional training and education in colleges 
which may make new demands upon a student’s 
previous preparation; on the other hand, there is a 
strong new movement toward “general education’’ in 
many colleges, which may have exactly opposite im- 
plications. A reconciliation may be necessary between 
movements in these two directions, which can raise 
questions for the secondary school. 

In the secondary school the whole picture of science 
education is taking a different form. In many quarters 
the whole curriculum is being arranged around different 
centers. It is a real question whether the old con- 
ventional sciences will long maintain their identity 
there. The answer to this is of profound importance 
to the organization of all science education in the higher 
institutions. 

Like the question of world political ascendancy, 
these are questions which are now in flux and undecided. 
But unless we keep them actively before us and partici- 
pate in the present movements by discussion and 
persuasion, we may some day wake up to discover that 
forces outside our control have decided issues for us 
which we ought to have decided for ourselves. 
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e A STUDY IN SCIENTIFIC GENIUS’ 


Tus great expansion of scientific activities in the last 
few decades has brought with it a definite lessening of 
appreciation of scientific genius. This result is strange. 
The opposite might have been expected, but it is gen- 
erally true that genius has become suspect and is 
believed to be unnecessary. Recent developments in 
patent laws may serve as an example for the lowered 
esteem of genius. A few years ago, the decision in a 
higher court stated that an invention, to be patentable, 
should show the “flash of genius.’”’ A loud protest 
resulted from this decision. The protest was so strong 
that the new, revised patent laws “no longer emphasize 
the necessity for the ‘flash of genius’ for establishing 
patentability, but acknowledge that patentable 
processes and products may be developed by long co- 
operative research and development.’’? 

Among the many factors which have produced this 
new trend are the need for more and more tools in 
research, the multiplication in objects of study, and 
the longer average life span compared with the times 
when genius was valued more highly. It is not my 
purpose here to discuss these factors, but it may be 
appropriate to state that I believe the trend should be 
intelligently opposed, in the interest of science and 
individuality. 

When we undertake a study of scientific genius, we 
have the same attitude as the astronomer toward the 
object of his study. Knowing the distance and the 
greatness of our subject, we do not claim its character- 
istics for ourselves. 

We cannot start the study with a definition of its 
object beyond that which is vaguely, yet recognizably 
known; its precise definition is the thing to be deter- 
mined. The purposes of this particular study, however, 
can be stated in the beginning; they are, first, to 
describe the functioning of scientific genius by reference 
to Wilhelm Ostwald and a few other outstanding 
chemists and second, in doing this, to stimulate our 
teaching. 

Although we know little about human genius except 


Eprtor’s Note: This is the centenary of Ostwald’s birth, 
1853. His life and works have been adequately discussed else- 
where. See WALL, FLorENCcE E., THIS JoURNAL, 25, 2 (1948), 
and Bancrort, W. D., ibid., 10, 539, 609 (1933). 

1 Presented before the 124th Meeting of the Division of the 
History of Chemistry, American Chemical Society, Chicago, 
September 8, 1953. 

2 Chemist, 30, 359 (1953). 
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that it is born, we are not entirely helpless in preparing 
its acceptance and its way. In both directions we can 
help by education. In studying scientific genius, if 
only by the descriptive method and excluding attempts 
at learning more about its genetic conditions, we gain 
new viewpoints for evaluating our system of education, 
While this system does not aim at converting every 
student into a genius, it certainly has the goal of teach- 
ing the genius of science and of sparking scientific 
genius wherever it may lie dormant. 

In our efforts to relate or to teach the history of 
science, we have the task of reintroducing the personal 
element which is left out of the report about science. 
This personal element is of really vital importance for 
the history of science, but we usually cannot do full 
justice to it. When we present the life story of a great 
chemist of the past, we often have to do it as if it con- 
sisted only of chemical experiment and _ thought, 
perhaps with a little play and travel for relaxation. 
We rarely mention the real struggle with honest com- 
petition and all-too-human jealousy. We could be 
more realistic if we were to discard a reluctance to 
delve into the personal relations of our chemical heroes. 
Little use has been made of abundant source material. 
Where autobiographies and letters disclose personal 
problems and professional difficulties we need not 
hesitate to discuss them publicly. 


TYPES OF GENIUS 


The objection might here be raised that unless we 
know definitely what scientific genius is, we cannot do 
anything to further it. To this objection we find an at 
least partial answer in the history of chemistry. There 
we always see that successful approaches to the un- 
known divide it into parts. Before we knew what 
electricity was, we divided it into a positive and a 
negative part. Before Macquer (1718-84) or Guyton 
de Morveau (1737-1816) knew what affinity was, they 
divided it into classes. 

Thus we can start with the division which Wilhelm 
Ostwald attempted to establish for scientific genius. 
In making these divisions, no moral or emotional 
evaluation is implied. According to Ostwald, there 
are two groups of scientists: the classic type and the 
romantic. The first are slow and deep-digging, pro- 
ducing their work with long deliberation; the others 
are swift, brilliant, producing abundantly. As usual in 
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such generalizations, the words themselves needed to 
be defined once the feeling for what they indicated had 
been replaced by the question of what they “really” 
meant. The romantic type thus became the man who 
created his work out of emotional energies at an early 

, and the classic was defined as developing slowly 
out of a tradition which he carried, in measured step, to 
new consequences. The source of creative energy and 
the speed of reaction were the foundation of this 
division. Compromises and abstractions from personal 
complexities were needed when such a simple classifica- 
tion was to be applied. Application to real persons was 
often doubtful, but more important than detailed 
accuracy was Ostwald’s triumphant feeling that a new 
dualism had been discovered, a feeling which is just as 
elating, at certain times, as the discovery of a monistic 
unity is at others. 

Ostwald’s division of great men into classics and 
romantics must be taken with a sense of humor mixed 
with a little awe and some incredulity; otherwise it wiil 
become nonsensical. Many authors of now classical 
fame had the characteristics of romanticism. Certainly 
the division was not meant to be definite or exhaustive. 
Ostwald himself also divided scientists into organizers 
and discoverers. Although he gave equal rank to 
classics and romantics, he valued the organizer more 
highly than the discoverer. “...The organizer builds at 
the crossroads, the scientist tends his garden. The 
first has to be with people because he wants to influence 
them; therefore, he has to take upon himself all the 
inconveniences which are connected with congregations 


of people....In short, he has to submit to the noise, 
dust, and bad odor which is inseparable from the 
street ....An organizer in science must also be a dis- 


coverer, because otherwise he would not have the 
judgment for that which he is to organize. The 
reverse is not necessarily true, because a great many 
discoverers lack the ability to organize.’’* 

For Ostwald, the organizer was greater because he 

must be also a discoverer; he omitted any distinction 
within the two groups. When he met van’t Hoff in 
1890, Ostwald recognized him as the greater thinker, 
while van’t Hoff appreciated his friend as the greater 
organizer and teacher.‘ 
' One dualism is not sufficient to describe the complex 
reality of scientific genius, and even with the second 
dualism Ostwald left much to be desired. I suggest 
that at least an additional distinction be made between 
initiators and completers. Here again specific defini- 
tions are needed for the generally understandable 
expressions. Initiators are those scientists who start 
out in new directions without the ability to reach the 
fulfillment of their dreams. Completers absorb the 
energy provided by the new impulse and convert it into 
a finished structure. 

An analogy with the other classification is easy to 
conceive. The initiators would be closely related to 


3 OstTWALD, WILHELM, ‘“‘Lebenslinien, eine Selbstbiographie,” 
Klasing & Co., Berlin, 1933, part III, p. 435. 
4 [bid., part IT, p. 130. 
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the romantic type, the completers to the classic type. 

Other pairs of opposites can be found and correlated 
with each other. For example, the distinctions between 
experimenters and theorizers, teachers and writers, 
scientists and industrialists, are easily recognized as 
having the same validity as the ones mentioned before. 

In addition, we could establish “types’’ which have 
no complementary counterpart: the egocentric genius 
like Paracelsus, Liebig, or Berthelot; the visionary 
genius of Kekulé, Mendeleev, and Alfred Werner; 
precisionists such as Cavendish and Otto Wallach; 
unitarians like Berthollet, and dualists like Berzelius. 
However, in every one of these types we can find the 
characteristics of others. Ostwald himself might be 
compared to Paracelsus, Liebig, Kekulé, or Berthollet. 
in certain phases of his work. 

Such resemblances in parts simply mean that the. 
complexities of scientific genius, or of any other in- 
dividuality, are only primitively captured by establish- 
ing such groups as classicists and romanticists, dis- 
coverers and organizers. At best, they are as close to 
the truth as were the four Aristotelian elements com- 
pared with the 98 chemical elements and their hundreds 
of isotopes. 

DUALISM AND MONISM 


The separation of scientists into two, or two pairs, of 
groups is perhaps the only dualism in which Ostwald 
believed. In all his other thought and work he was 
governed by monistic concepts long before he turned 
to the philosophical system of monism, about 1910. 

When dualism is considered as the opposite of 
monism, the problem is whether both have equal rank. 
A secondary dualistic division, like that of energy into 
potential and kinetic, would not invalidate the monism 
in the concept of energy as Ostwald proclaimed it. 
However, in the course of Ostwald’s life we can recog- 
nize a primary dualism. 

Wheu he was 21 years old, he studied Julius Thom- 
sen’s work on thermochemistry. ‘Like lightning, the 
thought occurred to me that instead of heat develop- 
ment, every other measured quality of the solution 
could serve, provided the quality is sufficiently in- 
fluenced by a chemical change.’’> Thereupon he 
selected specific gravity as one “other quality’’ and felt 
he had inaugurated a new system of chemical research, 
“volume-chemical studies.’”” He viewed his experi- 
ments as part of a complete entity, and therein lay his 
monistic attitude. 

This relationship between rational effort and insight 
recurred in several decisive moments of his life. In the 
spring of 1890 he experienced, in a sudden illumination, 
with “an almost physical sensation in my brain,” the 
great conception of energy. To be capable of such 
deep experiences, to be subjected to them, to embrace 
them as immediately compelling and revealing is a 
common trait of scientific genius. Ostwald compared 
his inspiration of that spring day with Robert Mayer’s 
experience, just fifty years before, in which he dis- 


5 Tbid., part I, p. 117. 
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covered the law of conservation of energy. Did he 
discover it actively, or was he overwhelmed by it? At 
the moment of such an Urerlebnis, a primordial experi- 
ence, a human genius meets in greatest freedom the idea 
which is to govern him. For Proust, it was an analyti- 
cal figure revealing the same composition of natural 
and of artificial copper carbonate. For Amé Pictet 
(1857-1932), it was the sight of the diagram of a 
pyridine ring seen in the window display of a book. 
Such primordial, inspiring experience speaks only to 
one person, only to him it is more than a single fact. 
Most of the events of our common experience dimly 
impress upon us complexity and vagueness; they belong 
to rule and habit or to meaningless accident. Then, 
suddenly, our experience glows with importance and 
radiates meaning. Often a lifetime is required to 
explore and express this meaning. 

Ostwald would not have agreed with this emphasis 
on the importance of subconscious, therefore almost 
mystical, influences on the life of scientific genius. He 
did not want to be considered a genius. When he 
described the development of his system of measuring 
color, he added: “I do not doubt, for example, that 
Helmholtz would have created the measurement of 
color if he had been as conversant with paints and 
brushes as with partial differential equations.’’* Clear 
thinking based on practical experimenting is all that 
went into “the greatest achievement which it has been 
given me to perform.’ In his ‘‘Malerbriefe’’ (letters 
to painters), 1904, he wrote: “The artist shall create 
consciously,”’ that is to say, rationally, selecting his 
colors according to the rules of harmony which Ostwald 
had established. There should be no dualism between 
art and science. 

A discussion of dualism and monism in science could 
use many examples from the development of chemistry. 
More pertinent to the present topic is an event in 
Ostwald’s life which illuminated the complexities of 
such a discussion. In 1895 he gave a public lecture on 
the advance over scientific materialism for which he 
almost received an honorary doctor’s degree in 
theology. Actually the materialism against which he 
spoke was not so much the opposite of idealism; it was 
atomism as opposed to energetics. And a few months 
later Roentgen’s discovery led to the scientific proof of 
atomism which Ostwald soon admitted. 


ENERGY AND CATALYSIS 


In a broad sense, catalysis is the dualistic comple- 
ment of energetics. Robert Mayer, with whom 
Ostwald had once compared himself, discovered 
foundations of both concepts, energetics in his law of 
conservation, catalysis in his study of release (‘‘Auslé- 
sung’). He felt that the great and ancient law that 
cause equals effect needed modification. In 1845 
Mayer simply stated: ‘‘A force is called catalytic insofar 
as it has no relationship in magnitude with the contem- 
plated effect.’’ Thirty years later, in his last publica- 


6 Tbid., part III, p. 19. 
7 Ibid., part I, p. 30. 
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tion, he explained: ““Very many natural processes take 
place only when they are initiated by an impact, and 
it is this occurrence which modern science calls release.” 
When released, the forces are governed by the laws of 
energetics, but the release itself is outside those quanti- 
tative relationships. Ostwald naturally could not 
accept Mayer’s first statement; catalysis could not be 
a “force.” In the definition of 1890 it was a process 
produced or accelerated through the presence of 
certain substances. The first alternative was omitted 
in the definition of 1894, so that catalysis now ex- 
clusively belonged to the field of kinetics. 

Ostwald considered the conceptional definition of 
catalysis his most original chemical work with the 
greatest consequences. He made objective what he 
had personally experienced of the releasing, or catalytic, 
force of sudden inspirational insights. They opened 
his eyes to the universal importance of energy, which 
he then saw as the constancy or invariance of a self- 
identical substance. ‘A metaphysical interpretation is 
implied which exceeds the mere content of the physical 
principle.’’® From the historical-critical point of view, 
Ostwald’s introduction of such a metaphysical concept 
resembles the introduction of the atom in the connota- 
tion which he so strongly rejected. 


THE LAW OF INGRATITUDE 


In the introduction to his book on Rembrandt, Carl 
Neumann speaks of “an apparent historical law of 
ingratitude which separates the generations from each 
other.”’ In the lives of outstanding scientists and 
inventors we sometimes find that they were dissatisfied 
with the reception of their work. A law of ingratitude 
could easily be constructed in summarizing the experi- 
ences of teachers with their students, of professors with 
their assistants, of creative men with the public which 
benefited from their work. Ostwald’s autobiography 
frequently mentions envy and jealousy of colleagues, 
“a, decided personal aversion against me.’’ Yet he 
became professor at the University of Leipzig at the 
age of 34. A new institute was built for him ten years 
later. He had scarcely resigned from his professorship 
in 1905 when he became the first exchange professor, 
upon invitation by Harvard. He received the Nobel 
prize in chemistry for 1909. These signs of gratitude 
came from large scientific bodies, but regarding single 
persons he felt that he lacked ‘‘the art of dealing with 
people.”’!! 

In our emphasis on cooperative work we often stress 
as requisite the ability to lead and to get along with 
people. When we consider the characteristics of 
scientific genius, we may incline toward a reversal and 
stress the need for people to get along with genius— 
provided we value genius highly enough. The reasons 
for Ostwald’s complaints are easily understood. 


8 Ibid., part III, p. 196. 

® Scuuick, Morrvz, “Philosophy of Nature,’’ The Philosophi- 
cal Library, New York, 1949, p. 113. 

10 OsTWALD, op. cit., part III, p. 307. 

11 [bid., part II, p. 104. 
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“Normal’”’ people will talk about their problems with 
friends who may have experienced similar situations; 
Ostwald relied, instead, on such communication from 
books or on analogies with biological-physical rules. 
After returning from a semester’s vacation, in the fall of 
1896, “the former unlimited pleasure in scientific 
handiwork was gone.’’!? He found consolation in 
remembering that he had read an article on the “‘forty- 
year sickness.” To the usual and mutual support of 
friends he preferred the recognition of general laws, 
superior forces which guided his life and which he 
proclaimed as the laws of all life. No wonder that his 
friendships were few, that he encountered what he calls 
envy; perhaps it was only unwillingness to accept him 
in the role of lawgiver or, to say it more simply, as the 
man who knows better. But while he was not a good 
mixer, his need for support by impersonal forces gave us 
the great number of his efforts in the history of chem- 
istry. He inaugurated the Klassiker der Naturwissen- 
schaften in 1888, completed a history of electrochemistry 
in 1895, and presented the principles of chemistry in 
many forms, always including its history. For his 
great “Lehrbuch” (1884) he selected “the historical- 
critical form,’’ and in the second edition (1890) he 
again emphasized the value of history: “I have contin- 
ually endeavored to present clearly the historical 
development of the several fields of science, and I hope 
thereby to contribute my part to the revival of an 
historical sense in scientists which still is in need of 
being developed with great care.’’ However, to him 
history was valuable only as a method and tool, not as a 
science. 

His answer to ingratitude was more work for the 
improvement of education and for the organization of 
scientific work. His answer to praise of his work was 
equally proud. In his Nobel Prize lecture he con- 
gratulated the members of the Nobel Institute on their 
good judgment in selecting the really best part of his 
chemical work for the reward. Such a statement could 
sound presumptuous when made by a “normal” 
person; but Ostwald was not a normal person; he did 
not speak of himself except as he identified himself with 
the system of science in which he was absorbed to the 
extinction (and, paradoxically, glorification) of his 
individuality. 

BETWEEN NATURE AND SOCIETY 


We have followed Wilhelm Ostwald’s path through 
science as he observed it, and we have compared it with 
other life stories. We have seen a scientific genius at 
work in science and its organization, and we have seen 
the philosophical problem of the individual versus the 
community experienced in a conscious, emotional life. 
The problem was not solved thereby; it was only stated 
and verified. We would have been too much persuaded 
by our hero if we had accepted his view as the generally 
valid one. Modesty and arrogance are strangely 
intermingled in his view, the modesty that of feeling 
himself just one of the realizations of a general law, and 


12 Tbid., part.II, p. 223.- 


the arrogance that of having found this law in all its 
generality. His own attitude would justify us if we 
were to state that he was the model of scientific genius 
per se, or at least of the one class of two which he felt 
himself to exemplify. The evidence of history shows 
that we cannot do this. Individual scientists are too 
singular; they do not repeat a recognizable pattern. 
Yet we can describe certain common traits and try to 
approach, though incompletely, the definition which we 
sought in the beginning. 

Scientific genius is characterized by the ability to 
note the common features of special observations, the 
links between special facts. We call these laws of 
nature, as if nature were a jurisdictional entity presiding 
and watching over the behavior of things and organisms. 
Do we really mean this by “law of nature’? No, it is 
just one of the great number of designations not to be 
taken as adequately descriptive of what we mean. We 
should have changed this particular designation long 
ago, at least since the time when Kant carefully 
demonstrated that it is not nature but we who prescribe 
these laws. Philosophers then went on to explain that 
we are able to find and formulate these laws because we 
ourselves are nature’s instruments. Scientific genius is 
related to the mystic in bringing nature to our con- 
sciousness, in revealing its “‘secrets.’’ If this sounds too 
metaphysical it indicates that we have to overcome an 
aversion against metaphysics when we try to study 
scientific genius. 

The strength of the conviction that he speaks for 
nature gives the genius the courage to persist in his 
teaching even against the resistance of the experts. 
Proof through experimental results is never complete 
and therefore always open to objection. On the other 
hand, scientific revelation through inspired unity with 
nature is confined to the experience of one man. Later 
on, it is objectively connected with general experience 
which is verified in practical application. Again, the 
courage to persist is important. Existing practical 
application may be at fault while opponents charge the 
genius to be in the wrong. And here we arrive at the 
practical application of the results obtained in our 
apparently theoretical study of scientific genius. It is 
not enough to rely on nature to select its spokesmen and 
to give them the courage of their vision. We have to 
participate in nature’s work through education. 

This courage to persist is founded on inner conviction, 
on a communication with nature which carries with it 
the urge to let society participate in the result.. Schoen- 
bein, in many respects the southern predecessor ‘of 
Ostwald, once wrote to his friend Liebig (March 14, 
1854) : “Without the courage to express a new thought, 
even at the risk of erring or of being called a fool, a man 
will contribute little to any kind of progress.” 

Courage, although the sign of expressed individuality, 
can be understood as the reliance upon a super-in- 
dividual force derived either from nature or from 
society. Scientific genius derives this force from nature, 
political genius from society. However, the two are 
not absolutely separated; they are connected: iby 
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tension like that between potential and kinetic energy. 
The dualistic tensions are, perhaps, of fundamental 
importance in understanding scientific genius. Oppo- 
site attitudes, like those which Ostwald ascribed to 
basically separate types of great men, are present in one 
individuality and cause the tension which genius 
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translates into production. “It is important to con. 
sider that the struggle between classicism and 
romanticism also exists within every mind. And it jg 
from this struggle that the work is born.’’ André Gide 
said this in speaking of the artist, but it is true also of 
scientific genius. 


* HOW I CAME TO KNOW WILHELM OSTWALD 


Wren I was a pupil in the third district school in 
Leipzig, my teacher urged me to enter the nearby 
Realgymnasium. So, after a short period of prepara- 
tion by a theology student who was boarding at our 
house, I entered the fourth form on trial—and found 
myself faced with two entirely new problems. One 
was the inadequacy of my preparation in Latin, which 
I had studied under a private tutor. The other was 
the attitude of my newly acquired school-fellows. At 
the first marking period my grade in Latin was a poor 
4, but at the second report I received a 2a, and the 
third mark was an excellent 1. To most of my fellow 
students I long remained an outsider, but not to the 
one who accompanied me on the last part of the way to 
school. 


There was a good reason for this. He profited from 
my translations and from my aid in mathematics, and 
also from the toys which I had made, such as a boat 
with a rubber-band motor which was tried out in the 
bathtub of his foster-parents. Another time it was a 
batch of homemade gunpowder, which he tried out at 
the wrong time and place. His justifiably alarmed 
aunts and foster-mother called me in and thus I, for the 
first time, entered the home which was to have such a 
dominant part in my future scientific and personal life. 
The feminine storm soon blew over and was replaced 
by a warm interest in my particular lot, and from time 
to time I was a guest in the Ostwald household. 

However, I seldom saw Professor Ostwald there. 
The few times were so impressed on the memory of the 
young boy, that I still remember clearly all the details 
of these eventful encounters. For example, on one 
occasion, he examined the photographic apparatus I had 
made. I still see him standing before me, his upright 
figure, his eyes that often were directed into the far 
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distance, his rapid gait, the contrast of his reddish 
beard and the blue of his eyes, the fresh color of his 
skin, the thick hair combed straight back. 

After my school friend had gone back to Riga, my 
friendship was transferred to the two older Ostwald 
boys, Wolfgang! (1883-1943) and Walter. Wolfgang’s 
tastes ran to zoology and music. I was a willing listener 
to his improvised rambles in the world of music. But I 
also was the older comrade to these fine boys in the 
more intimate confines of this German home. With 
Walter I shared an intense interest in everything 
driven by a motor, and the yearly automobile shows in 
the Leipzig Kristallpalast fascinated both of us. 

Consequently, it was almost a matter of course that, 
after graduation from the secondary school, I would go 
to study chemistry with Professor Ostwald—especially 
since he relieved my financial troubles with a stipend. 

In the beginning I worked in the analytical division 
with Professor Julius Wagner. Here I not only learned 
laboratory methods as such, but I also occasionally 
helped out some of the older students with their 
dissertation labors—assistance which gained me many 
friends. 

Wilhelm Ostwald had included a student workshop 
in his new Institut on the Linnéstrasse. While I was 
still a student in the lower school I had constructed a 
simple master lock for the large demonstration table of 
the Realgymnasium; it proved most valuable and 
gained the approbation of the two teachers. Con- 
sequently, the well equipped shop in the Ostwald 
Institut was most welcome to me, particularly since 
Wilhelm Ostwald set us all an example by working there 
himself. 

Each year, the Christmas season was inaugurated in 

1 R. E., THIs JOURNAL, 22, 263 (1945). 
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the Institut by a large party attended by the Ostwald 
family, the assistants, and the students.” 

Professor Ostwald frequently invited foreign per- 
sonalities to share in these celebrations. The guest 
gave a lecture on his specialty and then participated in 
the harmless, good-natured jollification planned by 
and for the Institut family. The high point of the 
party was the distribution of the carefully selected 
humorous gifts. Punch and cakes, prepared by the 
Ostwald daughters, were another feature of these 
parties. The younger one, Elsbeth, had attracted my 
special attention, but it was not until many years later 
that she became aware of my feelings toward her. 

The semesters devoted to laboratory courses passed 
quickly and smoothly. They also brought many 
occasions on which I made myself useful to Professor 
Ostwald. For instance, I arranged his library of 
reprints, and I also served as assistant in setting up his 
demonstration experiments, a responsible but not too 
arduous duty. 

At his suggestion, I made some studies of the catalytic 
synthesis of ammonia from the elements, but the results 
were not what we had hoped for. In connection with 
his studies of the periodic phenomena observed in the 
solution of metallic chromium, I recorded the accom- 
panying electrical behavior as shown by a galvanom- 
eter. These findings constituted the basis of my 
doctoral thesis. 

After I obtained my degree, Ostwald asked me to 
stay on as his private assistant. He entrusted to me 
the studies of the conversion of ammonia into nitric 
acid. This research was conducted at first on a small 
scale in the Institut laboratory. He then miade 
arrangements with Professor Will of the Zentralstelle 
fiir wissenschaftlichtechnische Untersuchungen for tech- 
nical-scale trials. At Christmas, 1901, I moved to 
Berlin. I had some hesitation about making this move 
which involved a certain degree of independence. He 
reassured me by saying, “Just buy yourself a handker- 
chief and go ahead.’’ I still have this handkerchief. 

Within a few weeks, on January 27, 1902, a self- 
prepared, burned-clay plate with a set-in platinum 
catalyst, produced nitrous vapors from measured air- 
ammonia mixtures. However, the matter was not 
quite so simple; the production of pure nitric acid re- 
quired several years of uninterrupted labors. The 
advances and also the setbacks were recounted by 
Wilhelm Ostwald in the Festschrift of the platinum 
firm, G. Siebert, under the title ‘“Platin als weltge- 
schichtlicher Factor.” 

Thinking back to that period when I was working on 
the catalytic production of nitric acid and when, as 
Wilhelm Ostwald’s assistant, I was attempting to 


2 For an account of these Christmas festivities see FouuK, C. 
W., tbid., 11, 355 (1934). 


translate his ideas and suggestions into technical 
practice, I realize that our personal relationships grew 
increasingly more intimate, and that his interest in me 
was not only friendly but bordered on the paternal. 
Whenever he visited me, he not only discussed the 


Wilhelm Ostwald (at the time of his appointment to the chair of phys- 
ical chemistry at the University of Leipzig) 


problems connected with our researches but brought up 
matters of more personal interest. For instance, he 
helped me to acquire for my parents a little orchard plot 
and cottage, insuring them a pleasant home in which to 
spend their old age. 

My bonds with the rest of the Ostwald family also 
continued most cordial and friendly. The second son, 
Walter, shared my bachelor quarters for several months 
while he was working on the development of a slag 
gasification process. When, on the other hand, I 
visited the Ostwald estate at Grossbothen, I could 
always count on a warm welcome from the Frau 
Geheimrat, even though she was certainly aware of my 
poorly concealed interest in her daughter Elsbeth. It 
was a long time before I dared declare myself formally 
as a suitor, but one day I received an encouraging tele- 
gram from Frau Ostwald and I then felt free to seek 
the consent of the young lady of my choice. 

It was an auspicious star that lighted the way which 
led the young schoolboy into the Ostwald home, which 
allowed him to participate in the great master’s works as 
assistant and collaborator, and which finally gave him 
many years of personal happiness as his son-in-law. 
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e HOW ONE BECOMES A CHEMIST’ 


Ass you well know it has long been the custom in our 
laboratory each year to celebrate the advent of the 
Christmas season together. These enjoyable gather- 
ings began in our old Institut on the Briiderstrasse, 
though admittedly the outer forms have now been some- 
what changed. It began in a very modest way; we sat 
on the tables and watched the Diener ceremoniously 
deliver to each a humorous present, and of course I 
too received a well considered gift of the same kind. 
During the pauses we divided our attention between 
punch and spice cakes.’ 

A change was made when we moved into our present 
quarters. Now we use tablecloths, the room is deco- 
rated, and the whole atmosphere is more festive than 
formerly. The most striking new feature, however, is 
that each year an eminent chemist is present and he 
has to pay for his participation by giving a talk. Thus 
we have been honored by Landolt, Ramsay, van’t 
Hoff, and other great men of our science, and each of 
them has had to report on his researches, so that we 
have not only seen but heard these leaders. Unfor- 
tunately, this year we are not to have this pleasure. 
I intended to share my friend Arrhenius with you this 
year, but he has had to cut short his present stay in 
Germany. Our science is not very richly endowed with 
great personages and so I could not find a replacement in 
time. Therefore, it is necessary for me to step into 
the breach, though by doing so I am not presuming to 
put myself on the same plane as the others. I wish to 
tell you a story and I have chosen it because of some- 
thing that is occupying my thoughts at present, namely, 
this question: how does one become a chemist? I re- 
gret that my thoughts on this subject have not yet de- 
veloped to the point at which I could present them to 
you in a well-systematized form, and so it will perhaps 
be better if I relate to you how it came about that I 
became a chemist, and [ will then leave it to you to ex- 
tract from my talk what you may consider essential. 

When I carry my memories back as far as I still can, 
I see myself sitting on some steps leading to a wharf. 
I had a fishing rod in my hand and I was busy trying to 
catch some of the leeches that abounded in the canal 
below. This attempt to catch leeches is connected in 
my memory with the first scientific experiment that 
I remember making. While I sat there, waiting for 


1This was a Christmas talk delivered in the Physikalisch- 
Chemisches Institut of the University of Leipzig on December 
19, 1905. The stenographic notes by Dr. Carl Drucker (now 
of the University of Upsala) were kindly placed at the trans- 
lator’s disposal by Miss Grete Ostwald of the Ostwald Archiv, 
Grossbothen, Saxony. 

2 See Foutk, C. W., TH1s JOURNAL, 11, 355 (1934). 
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a bite, one of my father’s friends (my father was 
cooper) came out of the house and gravely warned me 
to beware of the leeches, lest the first one to bite would 
pull me into the water. At first I was quite frightened 
at this prospect, but I soon got control of myself and 
reasoned that if the leech should try to pull me in, | 
could simply let go of the rod. On this basis, I contin- 
ued my fishing, but unfortunately the experiment led 
to no satisfactory result because none of the leeches was 
inclined to take hold of the hook. 

This canal and its surroundings served in the succeed- 
ing years as the scene of my gradually increasing activ- 
ity as a researcher. Along with my brothers—one 
older, one younger—and several friends, I thoroughly 
explored the contents of the canal, and every new find 
was discussed extensively by the whole group. This 
activity gave us a great deal of pleasure, though my 
mother’s enjoyment was somewhat less because our dis- 
coveries created all sorts of disturbances in the house- 
hold. 

This sort of thing went on for a while until one day 
I got my hands on an old book which contained detailed 
directions for making fireworks. I immediately became 
interested and enthusiastically set to work to find out 
if I Gould make the beautiful colored fires described in 
the book. The first trials worked rather well and al- 
though my friends and I did not have much choice of 
materials to draw on we eventually got together the 
most necessary ingredients and from then on we devoted 
ourselves to pyrotechnology by land and by water. 
The success of these efforts finally emboldened us to con- 
sider seriously the possibility of our making a real rocket. 
After some hesitation, we made the attempt and 
at last the rocket was finished. It now had to be tried 
out. After some discussion we decided that we would 
set off the rocket in the flue of the kitchen chimney, 
where it could do no damage. Actually we were con- 
vinced that this was a superfluous precaution because 
none of us dreamed that the thing would really go off. 
To our amazement, however, the rocket shot directly 
into the chimney; I do not know whether it came out 
the top or not. This result encouraged us to start the 
manufacture of fireworks almost on a factory scale, 
again to the distress of my mother, whose pots and pans 
often found uses that were not anticipated when they 
were purchased. 

My interest in chemistry developed as a sequel to 
these experiences with fireworks. This same book con- 
tained an introductory section acquainting the pyro- 
technician with the most important chemical questions 
touching his field. I faithfully studied this text and 
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so laid the foundation of my chemical training. I also 
learned to prepare some of the materials that I needed, 
and in addition gained some facility in learning to help 
myself when the book failed me. 

About the time I left elementary school and entered 
the Realgymnasium, I became interested in another 
field; I began to take pictures. Photography was not 
so simple then as it is now. Today you simply buy 
dry plates and snap the picture. At the time I am 
speaking about, each plate had to be poured by the 
photographer himself; the solutions had to be properly 
compounded, and when the piate was finished there was 
no certainty that the exposure and subsequent develop- 
ment would result in a picture. In such difficulties I 
found it useful to apply a principle which I earnestly 
recommend to you as a guiding principle. Whenever 
you wish to do something but have little hope of suc- 
cess, you will find that the best aid is to brag loudly 
that you are going to accompiish this feat in a certain 
time. You thus publicly commit yourself to work on 
the job regularly and continuously, whereas you other- 
wise would be very likely to get fed up with the task, 
and every morning have to struggle with yourself to 
tackle it anew—a struggle which, as you well know, 
increases markedly as time goes on. I made use of this 
moral principle on the occasion I am referring to now 
and induced a friend—I purposely chose the best looking 
one—to bet that I could not deliver a good picture of 
him at a set time. I devoted all my efforts to the task 
and actually delivered the photograph on time. The 
subject claimed that he had not been posed to the best 
advantage, but in the opinion of the arbitrator he was 
no better looking than the photographic likeness, so 
I won the wager. 

My progress in school was not favorably affected by 
these distractions. As I told you a little while ago, I 
was now enrolled in the Realgymnasium, and this was 
in fact one of the most ideal schools of which I have ever 
heard. You will see why in a moment. I had only 
five years, but because of my extracurricular interests, 
which interfered seriously with regular studying, I 
made seven out of the five years. Another handicap 
was the difficulty I always had with the appalling Rus- 
sian language. This also plagued me considerably at 
the time of my final examination. In fact I overcame 
this hurdle only because of the understanding help of 
my instructor, Popen. Translation exercises had to 
be written out under his guidance before the examina- 
tion, and by a singular coincidence, the very last of 
these exercises was precisely the one that appeared in 
the examination. In short, I managed to get through 
and was ready to enter the university. Accordingly, 
the great day arrived for me to leave Riga and begin 
my student years at Dorpat. 

The conditions at Dorpat were unusually alcoholic. 
I joined an association of students from my own coun- 
try, as was then the custom, and through this fraternity 
was led to cooperate in the consumption of enormous 
volumes of beer. This activity took up a large fraction 


of my time, especially during my first two semesters, 
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but I made up at least a part of this loss by regularly 
not attending classes and lectures, since in those days 
listening to lectures had a pronounced soporific effect 
on me. 

When, some time later, I was permitted to begin 
laboratory work in chemistry, I began with qualitative 
analysis under the guidance of Johann Lemberg, who 
died not long ago. At that time he was still a rather 
young man and had really queer habits. For example, 
he never used a salt cellar, but instead kept a paper bag 
on the table, which he replaced when necessary with 
another of the same kind. The students of that period 
retain vivid recollections of Lemberg’s overcoat. When 
I first came to know him, it was just turning from green 
to blue. Later it became brown, which reportedly had 
been its original color. Although he published but 
little during his lifetime, you can get an idea of his sci- 
entific competence from the fact that he had clearly 
worked out the law of mass action long before Guldberg 
and Waage and had consciously applied it to geological 
problems. 

The first semesters passed quickly in the manner I 
have described. I played viola in quartets a good deal 
and took part in other kinds of distractions. We were 
constantly playing jokes on each other and having a 
good time in general. Nonetheless, after several se- 
mesters I applied for permission to take the first part of 
the candidate examination—it was normally taken in 
three parts. Contrary to expectation, I made a good 
showing. This success so emboldened me that at the 
celebration in honor of my triumph, attended of course 
by the others who had likewise come through the ordeal 
in good fashion, I suddenly announced that I was going 
to take the second part at the next opportunity. This 
was looked upon as unabashed bragging on my part, 
because the examination was only a couple of weeks 
away. The ridicule that followed irritated me to such 
an extent that again I took refuge in the moral impera- 
tive and wagered a basket of champagne on the out- 
come. The next morning things did not look so rosy as 
they had the night before, and I was inclined to shrug 
off the whole idea, but then I remembered the wager 
and this made me give the matter serious thought. I 
decided that it would not be entirely silly to at least 
attempt the examination. In short, the experiment 
succeeded, but naturally I never saw the basket of 
champagne. However, I was appointed assistant to 
Professor von Oettingen in the physics laboratory. 
There had been another candidate for the post, and 
von Oettingen would really have preferred him, but he 
had only taken the first part of the examination. The 
professor later told me that he certainly did not antici- 
pate much benefit from me at the time I was imposed on 
him. 

The duties of my post were not very arduous, siace 
there were but few students to look after. In addition, 
I had only to help in setting up the apparatus. Conse- 
quently, I had much free time and von Oettingen ad- 
vised me to use it for independent research. ‘Never 
again in your whole lifetime will you have a similar, 
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quiet, undisturbed period for your own work.” How 
right he was! I began a problem with much enthusiasm 
but there were times when I discontinued work for 
long stretches. I remember particularly one day in the 
middle of the spring. It was wonderfully warm outside 
and a lilac bush in full bloom wafted heady perfume into 
the open window of the balance room where I sat weigh- 
ing out acids. The contrast between the odor of the 
lilacs and the smell of the butyric acid was too much 
for me; I got up, left everything as it was, and did not 
return for eight days. 

We had a small private orchestra that was directed 
by von Oettingen. Unfortunately, one important in- 
strument was not represented, namely, the bassoon. 
Since a bassoonist was essential, one of us had to sacri- 
fice himself and as the professor’s assistant there was 
little choice for me except to learn to blow the bassoon. 
Accordingly, I began with the usual beginner’s exer- 
cises, which I practiced in my room in the laboratory. 
Karl Schmidt, who had the room just below mine, 
later told me with what interest he had followed my 
progress and how great was his joy at the growing rec- 
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ognizability of certain notes. I must have made def. 
nite strides forward, even though on orchestra nights 
Professor von Oettingen still invariably said, “My dear 
Ostwald, will you be good enough to take the viola?” 

In due time I passed the master’s examination and 
thus acquired the privilege of giving lectures. This 
period of my development was also marked by an event 
whose results I am still enjoying, namely, my engage. 
ment and marriage. After I became engaged, one of 
my close friends warned me in all sincerity against 
going ahead with this venture, arguing that I had made 
an excellent start in science but now would never ae- 
complish anything worth while, which would really be 
a shame for me and the world in general. However, his 
arguments fell on deaf ears. 

One year later I passed the final examination, the 
doctoral, and became a professor. I think it is hardly 
necessary to subject you to a recital of my subsequent 
career, since I am sure that most of you have at least 
some knowledge of the contents of these many years, 
Besides, it is at last time for our Christmas 
celebration. 


<> 


a A 1000-CYCLE DISTRIBUTION SYSTEM 


For several years the following scheme has been used 
to distribute a 1000-cycle voltage throughout the 
elementary physical chemistry laboratory with negligi- 
ble interaction and no observable distortion of the 
wave form. The wiring normally used to carry direct 
current to the laboratory tables is isolated from the 
generator by pulling fuses and the output of a 10-watt 
amplifier driven by a 1000-cycle oscillator is plugged 
into a d.-c. outlet at one of the tables. The highest 
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Ri = 500 ohms, 10 watts 
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impedance of the output transformer is selected and 
loaded with an equivalent amount of resistance. In 
this installation, for example, the 500-ohm terminals 
of the output transformer are used and are shunted by a 
500-ohm, 10-watt bleeder resistor. Under load about 
30 volts are delivered to the line. 

Two 75,000-ohm resistors are mounted in series on a 
small board and can be connected to the 1000-cycle line 
by means of ordinary POSJ lampcord and a polarized 
plug. (Use of a polarized plug prevents accidental 
insertion into an a.-c. receptacle.) Fahnestock clips are 
mounted on the board at each end of one of the resistors 
and serve as the student’s source of the 1000-cycle 
signal. 

Measurements of resistances ranging from 60 to 
30,000 ohms by the Wheatstone bridge method have 
been satisfactorily performed by eight groups simultane- 
ously. Even should a short circuit develop across one 
station there is a change of approximately 0.5 per cent 
in the supply voltage and this ordinarily is not de- 
tectable. 
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* THE VACUUM FUSION METHOD FOR 
DETERMINING MINUTE QUANTITIES 
OF GASES IN METALS 


Tue use of conventional analytical methods to 
determine very minute amounts of gases which are 
ordinarily present in metals is a tedious and inaccurate 
procedure. Gaseous impurities, particularly oxygen, 
nitrogen, and hydrogen, are present in very small 
amounts in all metals, and further minute quantities 
may later be acquired through adsorption or absorption 
by the metal as a consequence of its use. The presence 
of such gases even in extremely small quantities may 
produce marked effects on the chemical, physical, and 
mechanical properties of the metals. 

Gaseous elements that are responsible for impurity 
effects may be present as occlusions in the metallic 
structure, in solid solution, or in chemical combination 
as precipitated grains of oxides, carbides, or nitrides. 
Some of the mechanical properties, of particular interest 
to the metallurgist, which have been found to be signifi- 
cantly affected by gaseous impurities are impact 
resistance, ductility, and drawing characteristics. 
Moore and his co-workers (/) at National Research 
Corporation, investigating the strength characteristics 
of high purity iron at elevated temperatures, were able 
to demonstrate the adverse effects of individual gaseous 
impurities. Nitrogen was found to have a significant 
effect on the strain sensitivity, demonstrated by a 
marked decrease in impact value after working. An 
increase in nitrogen content was also accompanied by 
a decrease in stress-rupture life. For examp’e, at 
800°F., the length of time a specimen containing 
0.0001 weight per cent nitrogen would withstand a 
stress of 10,000 pounds was more than 1440 hours; 
when the nitrogen content was increased to 0.012 weight 
per cent, the length of time to rupture was reduced to 
2.9 hours. A similar decrease in stress-rupture life was 
noted when the oxygen content of iron was increased up 
to the solubility limit in the solid (0.008 per cent). 
After this point had been passed, further addition 
resulted in a steady increase in stress-rupture life up to 
the highest oxygen content tested (0.05 per cent). This 
endurance to stress, however, is still considerably less 
than that of the high purity iron. 

Other investigators have compiled data which further 
demonstrate the adverse effects on metals of gaseous 
impurities. Hochmann (2) described a_ significant 
increase in impact resistance and a downward shift in 
the temperature of transition from the ductile to the 
brittle phase of chromium alloys when gaseous im- 
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purities were reluced in amount. Stauffer (3), investi- 
gating the effect of oxygen in copper, reported greatly 
improved electrical conductivity as a consequence of 
the reduction in gas content. The conductivity of his 
high purity copper was better than the international 
annealed copper standard. A recent paper by Smith 
(4) points out in a fundamental way the role that 
gaseous elements play in altering the cohesive forces in 
metals. He experimented primarily with hydrogen. 
The widening of the crystal lattice which he observed 
was found to be responsible for at least some of the 
differences in mechanical, magnetic, electrochemical, 
and chemical properties. 

These specific examples have been included only as 
illustrations of the effects of gaseeus impurities, and 
should not be construed as a complete survey of the 
field. Numerous other references are made to the effect 
of gases in metals in the metallurgical Jiterature. 


PRINCIPLES OF VACUUM FUSION 


Ordinary analytical techniques are not sufficiently 
refined to determine gases in metals in the low percent- 
ages that prevail. It has been necessary to evolve new 
techniques. Radioisotopes generally may not be used, 
since suitable isotopes are usually not available. Mass 
spectrometric methods, involving use of stable isotopic 
tracers, might be applied, but only recently have solid 
sources been made available to attack (6). The method 
most commonly in use today is the vacuum fusion tech- 
nique. 

Apparatus and procedures vary somewhat from one 
investigator to another, but the chemical principles 
upon which these methods are based remain the same. 
The metal specimen is melted in a graphite crucible 
under vacuum. The oxygen and combined oxides react 
with the graphite of the crucible to produce carbon 
monoxide. The nitrides and hydrides are simultane- 
ously decomposed and nitrogen and hydrogen are 
liberated as the elements. Carbon is somewhat soluble 
in molten metals and because of this solubility comes 
into intimate contact with the oxides and nitrides. 
Typical reactions are: 

Hz (dissolved) — He (gas) 
FeO + C — Fe + CO 


Fe.0; + 3C — 2Fe + 3CO 
2Fe.N — 4Fe + Ne 


The combined gases are exhausted from the furnace, 
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collected, and analyzed in the apparatus shown in 
Figure 1. 


in a ceramic crucible under a partial pressure of oxygen. 
CO is evolved and determined in an identical manner. 


APPARATUS 


The apparatus consists essentially of a high-tempera- 
ture furnace, an evacuation system, and an analytical 
system. The furnace is most conveniently heated by 
high-frequency induction. 

Induction heating is accomplished by subjecting the 
graphite crucible within the furnace assembly to a 
rapidly alternating electromagnetic field. This field is 
imposed within a water-cooled helical coil of copper 
tubing surrounding the furnace. A high-frequency 
current is applied to the terminals of this coil and any 
electrical conductor located within the field has a 
current induced in it which heats it rapidly to high 
temperatures. The amount of energy (heat) is pro- 
portional to RI? watts (ohm-ampere”). By this means 
the crucible and metal charge can be heated to the high 
temperatures required (1600 to 2400°C.) without heat- 
ing the non-conducting glass furnace shell. Heating of 
the shell and other furnace components in the vicinity 
of the melting crucible is minimized by surrounding the 
crucible with insulating material and radiation shields. 
McGeary, Stanley, and Yensen (6) packed their 
graphite crucible in graphite powder inside a graphite 
radiation shield. Induction heating of the shield was 
prevented by cutting vertical grooves to interrupt the 
electric circuit. Mallett (7) packed his melting crucible 
in graphite powder in a beryllium oxide thimble that 
rested on a bed of alumina sand. The graphite melting 
crucible was then slipped inside the heater crucible and 
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A photograph of the actual equipment is re- 
produced in Figure 2. To determine the amount of 
carbon in a sample, a specimen may be heated similarly 
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could be discarded after each analysis. Guldner (g) 
of the Bell Telephone Laboratories has developed 
furnace that has many attractive design features. Ap 
Acheson AGR graphite melting crucible is packed in 
sub-200 mesh graphite powder inside a quartz crucible 
about twice its diameter. This assembly is suspended 
from the top of the furnace guide tube by platinum 
wires. This type of suspension minimizes the volume 
of material that must be heated to high temperature, 
A guide tube, to lead samples into the melting crucible, 
is provided. The furnace jacket is made of Pyrex glass 
and is air cooled by means of a blower. Some other 
furnace designs have provided cooling by a water jacket, 
This, however, has not proved to be as satisfactory in 
practice as air cooling, because the more volatile metals 
show a greater tendency to condense as metallic films 
on the cooler upper portions of the water-cooled furnace. 
The presence of such metallic films can cause serious 
“gettering” effects, contributing to low analytical re- 
sults by combining with evolved gases. Even where 
air cooling is used, some condensation may occur, 
necessitating the periodic disassembly of the furnace 
tube for cleaning. Hydrofluoric acid is effective for 
this purpose. 

Analytical specimens are stored in a horizontal side 
arm near the top of the furnace assembly. Several 
samples may be analyzed in a series. They are manipu- 
lated by magnets or by a soft iron push rod and are 
dropped down the guide tube to the furnace singly for 
each individual analysis. 

The furnace itself is closed at the bottom by means of 
a large, standard taper, ground glass cap, sealed with 
low vapor pressure wax. 

To obviate the condensation of metallic films, the 
gases must be removed from the furnace region as rapidly 
as possible. Large diameter tubing is used to permit 
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rapid flow. By rapid evacu- 
ation of the evolved gases, 
moreover, the consequent 
lowering of the partial pres- 
sure of the gas above the 
liquid surface affords faster 
extraction of a given amount 
of gas from the sample and 
thus reduces the time-de- 
pendent “blank” correction. 

Mercury diffusion pumps 
are usually used to evacuate 
thefurnace. Such diffusion 
pumps consist essentially 
of a water-cooled jacket in 
which a suitable boiler and 
nozzle assembly is arranged 
so that mercury is ejected 
at high velocity in a down- 
ward direction against the 
cold jacket and recondensed. 
Gas molecules entering the 
jet from the upper region 
become entrained in the 
mercury vapor stream and 
are carried to the lower 
region of the pump where 
they are removed by asecond 
(backing) pump, generally of the mechanical type. 
Diffusion pumps, built as multistage devices having 
several nozzles in cascade, are used advantageously. 
Oil diffusion pumps operate in an identical manner. 
However, oil diffusion pumps are unsatisfactory for the 
purpose of evacuating the furnace because (a) ex- 
tracted gases build up pressures in the collection system 
higher than the pumps can handle; (b) gaseous products 
may be produced by pyrolytic decomposition of pump 
oil; and (c) oil vapors may diffuse back into the furnace 
and react with the hot crucible and the molten steel. 
Mercury diffusion pumps ean operate against higher 
backpressures and do not suffer from these other dis- 
advantages. Glass pumps are commonly employed 
although metal pumps have been used with satisfactory 
results. 


GAS ANALYSIS 


After the system has been sufficiently outgassed and a 
satisfactory “blank” has been obtained, a specimen is 
introduced into the furnace. The gases evolved are 
then collected in the analytical system or in storage 
reservoirs. Some investigators, Mallett (7), Sloman 
(9), and others, have transferred the collected gases to 
conventional chemical gas-analysis apparatus for sepa- 
ration and measurement. However, this technique re- 


quires that macroquantities of gas be available. A 
more straightforward method that has been widely 
adopted incorporates the analytical system directly 
into the apparatus, as shown diagrammatically in 
Figure 1. 

A second mercury diffusion pump is installed within 
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Figure 2. Vacuum Fusion Apparatus 


the analytical system to circulate the gases through the 
various components. The paths taken by the gases, of 
course, are controlled by opening or closing the suitable 
cut-off valves. 

In an analysis for all three gases, nitrogen, oxygen, 
and hydrogen, the volume of the gases collected is first 
measured in the McLeod gage. The gases are then 
passed through a trap containing hot, activated cupric 
oxide which oxidizes the carbon monoxide and hydrogen 
to carbon dioxide and water, respectively. The hydro- 
gen, as H,O, is removed by freezing out in a dry ice trap 
or by absorption in a magnesium perchlorate 
Mg(ClO.)s, trap. The latter has been found to be very 
efficient and much more convenient. Carbon dioxide 
is then removed on passage of the remaining gas through 
a trap cooled by means of liquid nitrogen. The residual 
gas is nitrogen; it is pumped into the McLeod gage, its 
volume is measured, and its quantity computed. The 
liquid nitrogen is then removed from its trap; the CO, 
evaporates and is measured similarly. Knowing the 
total volume of the evolved gas, the volume of the 
hydrogen is determined by difference. 


ACCURACY 


The accuracy of results obtained using the vacuum 
fusion method is only fair, but substantially better 
than other types of procedures. McGeary, Stanley, 
and Yensen (6) report “routine accuracy of +0.001 per 
cent”; Mallett (7) reports similar results. The figures 
of these investigators refer to absolute error. In terms 
of relative error, the accuracy here reported is in the 
range of 90 per cent. 
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Comparativé data on various methods for deter- 
mining gases in steel samples have been compiled by 
Thompson, Vacher, and Bright (10) in Research Paper 
976 of the National Bureau of Standards. Data were 
received from 35 cooperating laboratories comprising 
results on more than 2000 separate determinations to 
analyze eight standard lots of steel for their oxygen 
content. Acceptable results for oxygen from these 
various reports showed relative errors as much as 29 per 
cent in high manganese steel and as much as 200 per cent 
for very low oxygen steel. It should be borne in mind, 
however, that large deviations such as this last actu- 
ally represent a deviation from the mean value of a 
total of only 0.002 per cent oxygen. 

Of the eight analytical methods employed to deter- 
mine oxygen, only two were adequate to permit a 
selection of representative values. These were the 
vacuum fusion and the aqueous-iodine methods. 
Varying types of vacuum-fusion equipment yielded 
results within an acceptable value for all eight steels. 
In general, the range of results varied considerably. 
The authors attributed this to individual experimental 
error rather than to variations in apparatus. The four 
vacuum fusion procedures that yielded acceptable 
results had the following three characteristics in 
common: (1) low “blank” corrections (less than 0.001 
per cent oxygen in a determination); (2) precautions 
against interference from manganese; (3) precautions 
against interference by spattering of molten metal. 

The results of the vacuum fusion method are in better 
agreement among themselves than those obtained by 
the aqueous-iodine method. Further, the latter 
method requires more complicated procedures, a greater 
number of operations for each analysis, and a substan- 
tially greater amount of time. 

In the interest of reducing the “blank” determina- 
tion, some investigators practice “flaming” of the 
equipment during initial outgassing to remove gases 
which may be adsorbed on the inside surface of the glass 
envelope. Others consider this unnecessary in ordinary 
analyses and even undesirable. The tendency of the 
apparatus to return to equilibrium by readsorption of 
the gases may tend to lower results on the first analysis 
after flaming, and subsequent analyses receive no 
benefit from this procedure. 

The size of the sample to be analyzed will be depend- 
ent on the design of the particular apparatus in use. 
Generally about one-half to one and one-half grams is 
needed, dependent on the gas content. With some 
techniques, particularly those in which the collected 
gases are transferred to an Orsat or other apparatus for 
analysis, larger samples are needed because a larger 
volume of gas is desired. 

The ideally shaped sample is that which has the 
smallest possible ratio of surface area to mass. Ex- 
cellent results can be obtained from cubic or rectangu- 
loid specimens. The specimen is cleaned by polishing 
on emery paper and washing in benzene, acetone, or 
carbon tetrachloride. It is weighed and stored in a 
desiccator until it is introduced into the vacuum system. 
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SPECIAL TECHNIQUES 


The procedures used in the vacuum fusion method 
are modified to deal with particular metals. The diff. 
culty presented by the low solubility of carbon jp 
certain metals, such as nickel, cobalt, and copper, may 
be overcome by fusing the sample i in a bath of some 
previously degassed metal in which carbon is readily 


Vacuum Fusion Analyses of Bureau of Standards 


Cooperative Steels 
(a) NBS Coop. Steel No. 4 
Nitrogex Oxygen Hydrogen 
Acceptable values* — 2.0 to 1.0 to 1.0 to 
40X10 3.0 x Ba 
1 5.1 xX 107° 10-* 23.7 
2 2.6X10-? 1.8 xX 
3 3.4K10* 1.6X 
4 3.2X%10-* 2.2 xX 10-3 1.4 X 10-4 
5 5.1% 2.3 xX 10-3 
6 29X10" 3.6X 
7 1.9 xX 10-8 
8 2.5 X 10-3 
9 4.5X10-3? 2.6 xX 10-3 
10 3.4X10-* 2.0 x 10-3 
(b) NBS Coop. Steel No. 6 
Nitrogen Oxygen Hydrogen 
Acceptable values—> 3.0 to 5.0 to 0.4 to 
6.0X10-* 3.0 x 10- 
5.9X10-? 4.6 X 10-3 
2 4.0X10-* 6.1 X 10-3 
3 6.4x 
4 4.5X10-? 5.5 X 10-3 
5 2.4X10-? 3.41 10> 
a 2.9X 6.5X10-* 0.54 x 10-* 
8 46X10? 10-3 0.52 x 107 
9 46x10? 6.0 xX 10-3 
10 4.0X10-° 7.1 X 10-3 
11 7.8xX 10" 
12 0" 
“ Values given in weight per cent 


soluble. Iron or low-carbon steel, tin, or platinum are 
used for this purpose. 

Manganese is a difficult impurity in the analysis of 
steel. Its high vapor pressure leads to its rapid volatil- 
ization, whereupon it condenses upon the cooler portions 
of the furnace and “getters” the gases evolved later. 
The presence of as little as 0.5 per cent Mn in a sample 
presents such a threat. Early investigators found it 
necessary to keep the Mn content of the sample low by 
using a large steel bath. Later workers overcame this 
difficulty by the addition of metallic tin. Aluminum, 
magnesium, and titanium in steel samples present 
similar problems. 

Walter (1/1) has found that in the analysis of pure 
titanium the “gettering”’ characteristics can be nearly 
completely eliminated by dissolving the titanium 
sample in molten tin before the carbide reaction is 
initiated. This brings the titanium into more intimate 
contact with the walls of the graphite crucible and 
eliminates the difficulty encountered when the metal 
sample sinters and seals the voids before all the carbon 
monoxide has escaped. Oxygen recovery is better than 
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g7 per cent. Stanley, vonHoene, and Weiner (12) also 
make use of tin in their melts of dilute zirconium metal 
in iron, and report that additions up to 25 per cent of 
tin appear to facilitate the reduction of zirconium oxide. 
The role of tin in this connection is not clear. It is 
believed that it may in some way affect the fluidity of 
the molten charge and lead to more rapid reaction of the 
carbon with the oxide. 

Some substances, such as aluminum and silicon, have 
“wetting” tendencies at high temperatures. Above 
1150°C. aluminum wets the crucible wall and seeps in, 
forming the carbide. The carbide, having a larger 
molecular structure, disrupts the crucible and the melt 
forms a pasty mass of carbide which is solid at this 
temperature. This effect is avoided with aluminum 
by keeping the temperature below 1100°C., and below 
appropriate upper temperature limits with other metals 
which exhibit similar behavior. 

Samples having relatively high gas contents contrib- 
ute some difficulty by tendencies to spatter as a result 
of the rapid evolution of gas. Careful control of the 
rate of temperature rise, particularly during initial 
stages, obviates this effect. 


SOME RESULTS 


Most investigators have designed and built their own 
apparatus. This is an involved procedure and requires 
the services of an expert glassblower. Until recently 
there was no alternative. At the present time an 
apparatus is being manufactured and offered commer- 
cially (National Research Corporation, Cambridge, 
Massachusetts) which has proved itself an adequate and 
useful piece of equipment. It is shown in Figure 2. 
As with all such apparatus, constant maintenance and 
occasional modification require that the operator be, or 
have at his disposal, a moderately competent glass- 
blower. 

It is this type of equipment which has been installed 
in Watertown Arsenal Laboratory. The results of a 
typical series of analyses are shown in the table. The 
data therein shown were obtained in the analysis of 
samples of Bureau of Standards Cooperative Steels 
Nos. 4 and 6, two of the eight Cooperative Steels used 
in the study previously referred to. These are common 
low-carbon steels. The analysis of these and other steel 
samples presents no particular difficulty and may be 
carried out in a routine manner. All values given are 
in weight per cent of gas. The table is divided into 
three columns, one for each of the elements of interest. 
The top line in each column shows the “acceptable 
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range” of gas content as established by the Bureau of 
Standards from their study. Since the various gaseous 
components are present in such minute quantities and 
may be unevenly distributed throughout the bars, such 
an “acceptable range” necessarily prevails over any 
hard and fast “true value.” In view of the probable 
heterogeneity of the steel bars, the precision obtained is 
considered good. 

Inspection of the table will show that in all but three 
cases the results obtained were within the “‘acceptable 
range.” These three cases were all nitrogen deter- 
minations and were all slightly low. Oxygen and 
hydrogen determinations made on these same specimens 
were within the “acceptable range.” This is signifi- 
cant in that the analytical technique employed favors 
the greater accuracy of nitrogen determinations. In 
view of the circumstances, these deviations probably 
represent genuine variations in nitrogen content of the 
samples. This assumption is further supported by the 
fact that since nitrogen is measured as a residual gas 
after hydrogen and oxygen components have been re- 
moved, any non-condensable inert gas, such as argon, 
would be measured and determined as nitrogen, result- 
ing in high, rather than low, nitrogen values. 

Because of the relatively broad range of “‘acceptable’”’ 
values, any extensive statistical discussion of the 
accuracy or precision of these results would not be 
meaningful. 

While the accuracy of the vacuum fusion method is 
only fair, relatively, compared to that obtained in more 
common analytical procedures, there is no more prac- 
tical, more efficient, or more reliable method yet de- 
veloped for the determination of gases in metals. 
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° PAPER CHROMATOGRAPHY FOR STUDENTS 


Over a period of several years various techniques of 
simplified one-dimensional paper chromatography have 
been used in our biochemistry classes in the Dental 
School and University College. Several articles on the 
subject have appeared in THIS JoURNAL (1-10); ref- 
erence can also be found in review articles and manuals 
(11, 12). We have found the method described below 
to be the easiest to execute successfully under usual 
laboratory conditions. The same method has been 
useful in research problems where screening a number 
of solvent systems at different temperature conditions 
has been necessary to establish optimum conditions 
for the successful separation of various mixtures. 


A. sTopPEeR w/ 
cuTS 9/I6" 
APART. 


B. compLeTe 
ASSEMBLY. 


stus, 13/16" W/ 
SLOTS 9/16" APART. 
Figure 1 


The method allows the analysis of four solutions in 
one 25 X 200-mm. test tube. This is accomplished by 
the use of a slotted stainless steel slug which acts both 
as a guide and a weight for the paper strips. The paper 
strips when properly fitted in the slots of the slug and 
suspended from the rubber stopper can be inserted into 
the test tube and developed by ascending chromatog- 
raphy. The rubber stopper (a No. 5 stopper fits the 
25-mm. tube well) is sliced with a razor blade, knife, or 
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scalpel to give four cuts in the stopper at right angles 
to each other; these cuts match the slots in the steel 
slug. The paper strips are fastened into the stopper by 
springing open the stopper cuts and inserting the strips, 
The illustrations in Figure 1 show the arrangement of 
the slots in the steel slug and the corresponding cuts 
in the rubber stopper as well as the complete setup. 
The paper used for this work is Eaton and Dikeman 
No. 813, furnished by the manufacturer in rolls of 8 mm. 
width and several hundred feet long. Two -19-in, 
lengths of the paper are issued to each student who 
sets them up according to the following instructions 
furnished in his mimeographed laboratory manual. 


(1) Obtain two strips of 8mm. width filter paper, each 19 in, 
long. Avoid unnecessary handling of the strips since finger 
marks are ninhydrin-positive. Using a pencil apply marks to 
the paper at the following successive intervals from one end of the 
paper strips: 2 in., 61/2 in., 3/4 in., °/16 in., 3/4 in., 61/2 in. The 
last mark is almost 2 in. from the other end of the strip. Bend 
each strip at the °/;.-in. mark to form’a U-shaped strip. 

(2) Insert the two U-shaped strips into the cuts in the rubber 
stopper so that the pencil marks 2 in. from each end are at the 
bottom of the stopper. 

(3) Attach the steel slug to the bottom of the U-shaped strips. 
Make certain that all four lengths of paper between the slug and 
the stopper are of equal length so that the weight of the slug 
holds all of the strips taut. Lower the assembly into the 25 X 
200-mm. test tube in order to make certain that the slug comes 
within 1/2 in. of the bottom of the tube. 

(4) Using wooden applicator sticks apply the solutions to be 
analyzed to the strips at the marks which are */, in. above the 
steel slug. (Practice applying the solutions to a piece of ordinary 
filter paper before attempting to apply them to the paper strips. 
The spots when properly applied should have a diameter less 
than the width of the paper.) Label each strip with the number 
of the solution placed upon it; this can be done best on the por-. 
on of the strip extending above the stopper. Allow the spots 
to dry for 5 minutes before inserting the assembly into the test 
tube. 

(5) Place 5 ml. of solvent (butanoi-acetic acid-water, 4:1:2 by 
volume) in the test tube with a pipet so that the sides of the tube 
are not wet by the solvent. 

(6) Insert the strips into the test tube. The steel slug should 
dip into the solvent about !/, to !/, in. The point of application 
of the solutions must be safely above the level of the solvent. 
The rubber stopper should fit firmly in the test tube to make the 
unit vapor-tight. Place the tube in an upright position (a conical 
flask provides the necessary support) and allow the solvent to 
rise in the strips for approximately two hours. 

(7) Remove the assembly from the test tube, mark the 
solvent boundary on each strip, and allow the strips to dry for 10 
minutes. 

(8) Spray the strips in the hood with ninhydrin solution. 
The solution consists of 0.25 g. of ninhydrin dissolved in a mix- 
ture of 90 g. of n-butanol and 10 g. of phenol. The strips when 
properly sprayed should be visibly moist; however, excess mois- 
ture may cause the amino acid bands to spread. 
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(9) Carefully heat the strips over a hot plate for about one 
minute, when spots will appear. Avoid overheating. 

(10) Mark the middle of each spot, measure the distance of 
each mark from the original point of application of the solution, 
and determine the Rf values. The Rf is simply the ratio of the 
distance traveled by each band over the total distance traveled 
by the solvent. 

(11) Compare the Rf value of the band of each unknown with 
those of the bands in the mixture and identify the unknowns. 


The solutions used in the experiment are one mixture 
of amino acids and three solutions containing one am- 
ino acid each. The identities of the three amino acids 
are unknown to the student, who identifies them by 
their Rf values as compared to the values found in the 
known mixture. The approximate Rf values of each 
amino acid in the mixtures are given to the students in 
order that they may identify the individual spots on the 
completed chromatogram of the mixture. The amino 
acids used for the mixture are glycine, lysine, proline, 
valine, and leucine; these separate well in the butanol- 
acetic acid-water solvent. 

Ordinarily one of the laboratory instructors sprays 
the strips for the students. The sets of strips still 
mounted with the steel slug and rubber stopper are 
hung from nails set in a horizontal board in the fume 
hood. 

The ordinary atomizer is not very satisfactory for 
spraying because it throws some droplets along with 
the mist, resulting in a splotched appearance of the 
strip. One of the spraying flasks supplied commercially 
specifically for spraying paper chromatograms may be 
used or one may be built. We have used two types and 
found them satisfactory for the present experiment as 
well as for research work. The first type, shown in 
Figure 2, is quite simple and has given good service (13). 
The other, shown in Figure 3, is more sturdy and some- 
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Figure 2 


what easier to use. Both depend on the use of com- 
pressed air. In both cases the compressed air is blown 


through a capillary tube arranged in such a position 
that the jet of air emerging passes over a second capil- 
lary tube set approximately at right angles to the first. 
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The second capillary tube dips into the spraying solu- 
tion. The sprayer shown in Figure 2 consists of two 
pieces of 9-mm. Pyrex capillary tubing with a 1-mm. 
bore. The tubes are held in the proper position by a 
piece of Pyrex rod fused to them. The relative position 
of the two tubes for the best spray is quite critical. 


GROOVE 


Figure 3 


The sprayer shown in Figure 3 has the advantage that 
the relative positions of the two tubes are movable, 
thus allowing adjustment to provide the optimum 
spray. The latter sprayer was formed from a combi- 
nation of */s-in. i.d. copper tubing and 9-mm. Pyrex 
capillary tubing with a l-mm. bore. The copper tubing 
serves as a convenient handle as well as the source of 
compressed air. The hole in the tubing near the top 
allows escape of the compressed air when the operator 
wishes to interrupt the spraying; during spraying the 
operator places his thumb over the hole forcing the air 
to emerge through the end of the tube. As shown in 
Figure 3 the air jet is formed by a short piece of capil- 
lary tubing fastened to the copper tubing. The two 
tubes were joined by pulling a 2-in. piece of the capil- 
lary tubing in the flame to cause a small constriction 
in the tube diameter midway in the tube. Next the 
glass tube was inserted into the copper tubing until the 
end of the latter was surrounding the constricted por- 
tion of the glass tube; finally the end of the copper 
tube was carefully hammered to shrink it into the con- 
striction and to form a firm friction union. The copper 
tube is firmly held by means of stainless steel clamps to 
the glass container for the spraying solution. A soft- 
drink bottle, because of its shape and strength, was 
found to be suitable as the container. The glass capil- 
lary tube which dips to the bottom of the bottle is held 
in place by a rubber stopper. The optimum height 
of this tube is adjusted by trial and error until the best 
spray is obtained. The rubber stopper is grooved on 
one side to allow ingress of air to replace the liquid 
withdrawn during spraying. The capillary tube in 


|| 
cago, 
HOLE 
ingles 
Stee] 
Tipe 
trips, 
nt of an 
cuts 
man 
TUBING 
who | 
‘ions 
inger | 
to | 
f the 
The 
3end 
bber 
the 
rips, 
and 
slug 
mes 
» be | 
the 
ary | 
ips. 
less | 
ber | 
ots 
est | 
ibe 
uld 
ion | 
nt. 
che 
cal 
to 
he 
10 
yn. 
“ 
en 
is- 


616 


the bottle has its upper end constricted to form an 
orifice of '/,mm. 

The steel slugs were punched from stainless steel of 
1/16 in. thickness in a commercial press. The slots 
were hand cut with the use of a hack saw. 
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* THE NATURAL OCCURRENCE OF 
SHORT-LIVED RADIOISOTOPES 


Tr 1s well known that seven elements, namely, polonium, 
astatine, radon, francium, radium, actinium, and pro- 
tactinium (with atomic numbers of 84, 85, 86, 87, 88, 
89, and 91 respectively), occur naturally, despite the 
fact that the half-lives of their isotopes are so short that 
none can reasonably be expected to have survived over 
the period of the earth’s existence.! As an extreme 
example, the only naturally occurring francium isotope, 
Fr??’, has a half-life of 21 minutes. The evanescence of 
such an isotope is illustrated dramatically when we con- 
sider that if the earth’s entire substance were composed 
of nothing but Fr?®*, it would take less than 2.5 days to 
reduce that mighty quantity to a single atom. 

Francium and its sister elements nevertheless exist in 
the earth’s crust because they are continually re- 
generated by the decay of certain long-lived precursors 
such as U*** and Th?*?. They are therefore found in 
minute quantities in ores containing thorium and ura- 
nium. What these “minute quantities’ amount to has 
not, to the author’s knowledge, been reported in the 
literature. Certainly, the average student of general 
chemistry gets a strong impression that radium, to take 
a glamorous example, is extremely rare and that only a 
few grams of it exist on the earth. That this is a false 
impression can be shown quite easily. 

In order to do so we must first consider the radio- 
active decay chains involving the atoms with atomic 


1Astwov, I., J. Coem. Epvuc., 30, 398 (1953). 
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numbers higher than 80. Four distinct chains can 
exist, theoretically, and of these, three occur in nature— 
the uranium series, the thorium series, and the actinium 
series.? The fourth, the neptunium series, contains no 
member sufficiently long-lived for perceptible quantities 
still to exist, and so does not occur in nature. The 
chain has, however, been created in the laboratory and 
its characteristics studied. 

In dealing with the decay chains as usually presented 
in textbooks, two factors exist which tend to confuse the 
student. One of these is the use of trivial names for the 
various isotopes in the series. For instance, there is a 
list of “radiums” from radium A to radium G in the 
U?% series, including radium C, radium C’, and radium 
C’’. There are also various thoriums, mesothoriums, 
and actiniums in the other series, to say nothing of 
radium emanation, thorium emanation, and actinium 
emanation. These names have historical validity since 
they were first introduced at a time when the chemical 
nature of the members of the series was not known and 
the very concept of isotopes had not yet been estab- 
lished. There is no reason except inertia, however, 


2 It is usually stated that the radioactive decay chains are 
named after the longest-lived member in the series. If that is so, 
the “‘actinium”’ series is actually a misnomer, since the longest- 
lived member in it is not actinium but U2*, sometimes called 
actinouranium. The author suggests that the most logical names 
for the series are the U?** series, the Th?*? series, the U2* series, 
and the sreies. 
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for the trivial names to be perpetuated. The student 
certainly has a right to know that radium B, radium D, 
and radium G are all isotopes of lead, with all the 
chemical properties of lead. Under usual teaching con- 
ditions, it is much more natural for him to think that 
they are isotopic (or perhaps allotropic) varieties of 
radium itself. 

The second element of confusion introduced into the 
radioactive decay chains, as usually presented, is that 
the half-lives of the constituent isotopes are given in 
varying units—in seconds, minutes, hours, days, or 
years according to the half-life’ s length. (The author 
is not aware of any exceptions to this statement.) The 
result is that where it is desired to obtain ratios of half- 
lives—as, for instance, in the calculations introduced 
into this paper—preliminary conversions of one time 
unit into another are necessary. 


Table 1 
The Series 
Element Nuclide Half-life, seconds 
Uranium 238 1.42 X 
Thorium 2.08 X 10° 
Protactinium 9 6.84 X 10 
Uranium g2U 234 7.41 X 10! 
Thorium 2.52 X 1012 
Qa 
— 5.11 X 10" 
Qa 
Radon 3.30 105 
a 
Polonium gsP0718 1.83 X 10? 
99.96% \ 
s2Pb?14 1.61 X 
B ssAt?!8 2 
— s3Bi?!4 1.18 X 108 
99.96% 04% 
siP0?!4 1.5 X 
J thallium g1 11210 7.92 X 10 
B s2Pb?!° 6.94 108 
Bis mut 4.32 X 105 
99 .99999% We 00001% 
Pol 1.21 X 10’ 
J thallium 3111206 2.54 X 10? 
B Stable 


It seems worth while, therefore, to present the four 
radioactive decay chains in Tables 1, 2, 3, and 4, with 
these two elements of confusion eliminated. The 
actual name of the element and the actual isotope 
symbol is given for each member of the chain, and the 
half-life is presented uniformly in seconds. The data 
on which Tables 1 to 4 have been constructed are from 
Glasstone’s monograph. 

To determine the actual quantity of any of these 
radioactive isotopes in the earth’s crust, it is necessary 
to make use of the principle that at radioactive equilib- 
rium the number of atoms present of each of the 
chain’s constituent isotopes is directly proportional to 


3 GuassTONE, S., ‘Sourcebook on Atomic Energy,’’ D. Van 


Nostrand Co., New York, 1950. 
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Table 2 
The Th?*? Series 
Element Nuclide Half-life, seconds 
Thorium 4.38 X 10" 
a 
Radium ssRa228 2.11 X 108 
B 
Actinium sgAc?28 2.21 X 104 
Thorium Th??8 5.99 107 
Qa 
Radium ssha2?4 3.14 X 105 
Qa 
5.45 X 10 
1.6 X 107 
g2Pb?!2 3.82 104 
gsAt?16 3X 10-4 
s3 Bi?!2 3.63 X 10° 
66.3% 7% 
Polonum 3 1077 
J Thallium 128 1.86 X 10? 
B s2Pb28 Stable 


the respective half-lives. Where there is a branch’ in 
the decay chain, the number of existing atoms of the 
branched product, as determined from half-life ratios, 
must be multiplied by the fraction of the total decay 
of its precursor which is given over to its own forma- 
tion. Thus, in the Th*** series the number of atoms 
of At?"* is related to the number of atoms of Th?*? by 
multiplying the latter by the factor: 


10-4 
4.38 X 10" 


Thus, if the total quantity of existing uranium, thorium, 
and neptunium is known, the problem of the total 
quantity of the daughter isotopes becomes one of simple 
arithmetic. 

Neptunium may be dismissed immediately as not 
existing in nature. It has been estimated, however, 


X 0.00014 


TABLE 3 
The U?* Series 
Element Nuclide Half-life, seconds 
Uranium g2U 235 2.23 X 1016 
Qa 
Thorium go 8.86 X 104 
Protactinium 1.01 102 
Qa 
goAc?27 6.84 X 108 
98.8% .2% 
9 Th??? 1.63 X 10° 
vy Francium g7F'r223 1.26 X 10? 
Rasim B ssRa223 9.68 X 105 
3.92 
Polonium 1.83 X 10-3 
99 .9995% la 0.0005% 
Lead B 2.17 X 10? 
18 gs At?15 1X 
Bismuth 1.30 10? 
99.68% 0.32% 
Polonium a 5 X 10-3 
la J thallium a1 11207 2.86 X 10? 
B Stable 
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that the uranium content of the lithosphere is 0.008 per 
cent,‘ while the corresponding figure for thorium is 
0.002 per cent. If we restrict ourselves to the dry land 
area of the earth and take only the outermost mile as 
the only portion whose mineral content is likely to be 
useful to mankind in the foreseeable future, we are left 
with a portion of the lithosphere which (assuming a 
density of 2.7) has a mass of 6.70 X 10%°g. The mass 
of the constituent thorium, Th***, is therefore 1.34 xX 
10'* g., while that of uranium is 5.36 X 10'%g. Since 
uranium is composed of U*** and U?* atoms in the ratio 
9929:71, the mass of U?* is 5.32 X 10'* g., while that of 
U5 is 3.80 X 101” g. 


TABLE 4 
The Series 
Element Nuclide Half-life, seconds 
3 X 108 
B 
1.58 X 101° 
Qa 
Qa 
— 9 Pa233 2.37 X 106 
B 
— 233 5.11 X 10% 
Thorium Th??? 2.21 X 10 
Qa 
B 
sgAc225 8.64 X 105 
Q 
— g7F'r221 2.88 X 10? 
Qa 
gs At?!7 1.8 X 10-2 
Qa 
Bismuth 2.82 X 10° 
96% 1B 4% 
Polonium 4.2 X 10-6 
la J phallium 11209 1.32 X 10? 
B g2Pb209 1.19 X 104 
B 
Bismuth Stable 


From these figures and the data in Tables 1 to 4, the 
information in Table 5 can be calculated. 

In the case of each of the seven elements listed in 
Table 5, the indicated isotope makes up at least 99.99 
per cent of the weight of the element in the earth’s crust. 


4 GuTENBERG, B., Editor, “Internal Constitution of the Earth,” 
2nd ed., Dover Publications, Inc., New York, 1951, p. 87. 


JOURNAL OF CHEMICAL EDUCATIO, 


TABLE 5 


Weight of Short-Lived Isotopes Naturally Occurri 
the Outermost Mile of the Earth’s 


Most frequently Total mass, 
Element occurring nuclide grams 

Polonium 4.00 X 109 
Astatine gsAt218 6.86 X 10-2 
Radon 1.15 X 108 
Francium g7F'r223 2.45 10 
Radium ggha226 1.82 X 1018 
Actinium sgAc?27 1.13 X 10” 
Protactinium 1.69 X 10" 


Thus, although six isotopes of polonium exist naturally 
in addition to the Po?!” of the table, their combined magg 
is only 6.28 g., as compared with 4.00 10? for 
Po?” alone. In the case of each element except 
astatine, the predominant naturally occurring isotope is 
also the most stable isotope. In the case of astatine, it 
is At?”, with a half-life of 8.3 hours, which is most stable 
but it occurs in none of the radioactive series and is 
completely artificial. 

Note that the most common of the seven elements is 
radium and that the mass of radium in the limited 
portion of the earth’s crust being considered still ex- 
ceeds 18 billion kilograms. While this is certainly a 
trace amount if considered to be distributed through- 
out the volume of crust under study (of which it forms 
only 2.7 X 10~* per cent by weight), it would prove to 
be a sizable quantity if gathered in one place. Assum- 
ing a density of 5, the radium in the earth’s accessible 
crust would form a cube 1120 yards (12.7 city blocks) 
on each side. This would amount to over a quarter of 
a cubic mile—certainly a different picture from the 
usual vision of radium as an almost non-existent 
material. 

Astatine and francium, to be sure, are trace elements 
even when collected in a single spot. In the three 
natural radioactive series, both elements occur only in 
branched portions of the chain, and on the heavily un- 
favored side of the branch at that. As a final comment, 
it may be interesting to note that such is the power of 
Avogadro’s number that were the 70 mg. of existing 
astatine to be uniformly distributed through the upper 
mile of the earth’s entire land surface, each kilogram of 
the lithosphere would, nevertheless, contain 3.5 atoms of 
astatine. 
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6 PLANT DESIGN FOR UNDERGRADUATE 
CHEMICAL ENGINEERS 


Ovr modern methods of engineering education involve 
exposing the undergraduate student to a wide variety 
of subjects. As the education process proceeds, the 
courses become more ad more specialized until the 
student finally emerges as a mechanical, electrical, 
chemical, or other type of engineer. In many cases, 
the undergraduate engineer finishes his university 
training with a good grasp of the information presented 
in the individual courses he has taken, but he has not 
had the opportunity for a composite application of his 
knowledge. This situation may be remedied for the 
undergraduate chemical engineer by including a com- 
prehensive plant-design course in the senior-year pro- 
gram. 

The undergraduate chemical engineer takes courses in 
mathematics, calculus, English, chemistry, electrical 
and mechanical engineering, foreign languages, stoi- 
chiometry, unit operations, and industrial technology 
along with other related subjects. Each of these sub- 
jects is important within itself, but, before the student 
is sent out with a degree in chemical engineering, he 
should be given a chance to interrelate the various 
phases of his training. The course in chemical engi- 
neering plant design is ideal for this purpose. If the 
course is taught correctly, it finally gives the student a 
chance to apply the mass of theory that has been thrown 
at him for almost four years. Many of the seniors en- 
ter the plant-design course as boys fumbling with a 
variety of information which they are not too sure is 
practical, and they emerge as men confident of their 
ability to be real chemical engineers. 

Despite the obvious importance of the rounding-off 
course in plant design, many of our universities are 
graduating chemical engineers with no course of this 
type included in their training. Some schools attempt 
to make up for this deficiency by including subjects 
such as economics or having the students work one 
plant design problem as a part of their industrial tech- 
nology course. These substitutes are inadequate and 
an injustice is being done to the students and to the 
industrial concerns which hire these men. 

The instruction in a good plant-design course should 
be handled by a chemical engineer who has had in- 
dustrial experience or, at least, strong contacts with 
industry so that he realizes the over-all type of work the 
students will be in when they leave the university. 
The instructor should recognize the importance of pre- 
senting the subject matter so that the students have 
the opportunity to develop a practical concept of 
chemical engineering and its applications. 


MAX S. PETERS 
The University of Illinois, Urbana, Illinois 


ECONOMICS 


In this modern age of industrial competition, the 
engineer must realize that his work will be judged on the 
basis of its monetary return as well as its theoretical 
soundness. For this reason, the practical engineer 
should have a basic knowledge of economics. Since 
plant design is, in reality, the practical application of 
chemical engineering principles, it would be impossible 
to discuss plant design without also including economics. 

Some of our chemical engineering schools have tried 
to present economics as a subject independent of plant 
design. While such a treatment is better than no course 
at all, much of the value is lost since the emphasis is 
ordinarily placed on pure economics rather than on the 
combination of economics with theoretical principles to 
give practical results. In chemical engineering work, 
economics and plant design are so closely interrelated 
that it is always advisable to consider economics and 
plant design as one combined subject. 


METHOD OF PRESENTATION 


The ideal plant-design course consists of a series of 
integrated lectures and practice sessions combined 
with one major design problem of practical significance. 
Two or three one-hour lecture sessions per week permit 
the instructor to present the important information on 
economics and plant design. A weekly three-hour prac- 
tice session is very valuable for solidifying the students’ 
understanding of the information presented in the lec- 
tures. The practice session should be used for class dis- 
cussion and solution of typical problems related to the 
lectures and discussions. Since the purpose of this 
course is to round off the students’ training and pre- 
pare them for the industrial approach to chemical en- 
gineering, these practice-session problems should not 
be of the usual academic type. The problems should 
be completely practical and the economic implications 
should be strongly emphasized. The students should 
work on the problems in groups of two or more so that 
they can get the feeling for sharing ideas and cooperat- 
ing with their fellow workers. 

The practice sessions with the accompanying class 
discussions and problems are essential to a good plant- 
design course. The lectures by themselves would not 
be sufficient to achieve the goal of the course. How- 
ever, the lectures combined with the practice sessions 
give the students a chance to listen to the general in- 
formation, discuss it, and then apply it. 

One major plant-design problem should also be 
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included in the course program. The class may be 
given one or two months for the solution of this problem, 
and it should be given during the last part of the course. 
This major problem should be based on a practical in- 
dustrial process, and it should involve a large amount of 
logical thinking as well as chemical engineering, eco- 
nomics, and plant-design principles. The short prob- 
lems in the practice sessions give the students rounded 
ability in the various types of design applications while 
the major problem proves to the student that he can 
tackle a difficult chemical engineering subject and fol- 
low it through to completion. 

The success of the chemical engineering plant-design 
course rests squarely on the shoulders of the instructor. 
Dr. L. E. Stout, Dean of Engineering at Washington 


Outline of Essential Material to be Covered in the 
Plant Design Course 


I. Elementary Economic Considerations 
osts 
Fixed costs 
Direct production costs 
General plant overhead 
General administrative and office overhead 
Distribution costs 
. Contingencies 
B. Investments 
1. Fixed capital investment 
2. Working capital investment 
3. Total investment 
C. Depreciation 
1. Obsolescence, service life, depletion, and scrap 


PM eS 


value 

2. Straight line method for determining depreciation 
Reducing balance method for determining depreci- 

ation 

4. Sinking fund method for determining depreciation 

Return on investments 

Investment comparisons 

Cost estimates 

1. Order-of-magnitude estimates 

2. Preliminary estimates 

3. Firm estimates 

4. Labor and material indexes 

5. Multiplication factors 


eneral Design Considerations 

Batch versus continuous processes 
Insurance, health, and safety requirements 
Fabrication of equipment 
Materials of construction 

Patents 

Plant location 

Designs for special equipment 
Instrumentation 

Waste disposal 

Structural design 


he Design Project 

Preliminary desi 

Detailed estimate designs 

Firm process designs 

Design project procedure 
Literature surveys 

Comparison of different processes 
Flow diagrams 

The design report 


ign Calculations and Methods 
ransfer of materials 

Heat transfer 

Mass transfer 

Chemical kinetics in design 
Miscellaneous 


II. 
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University, St. Louis, has made the following statement: 
“Few, if any, college professors are sufficiently well jp. 
formed on industrial practices to teach a course jp 
chemical engineering design which commands the jp. 
spect of practicing engineers....”! If this statement 
is correct, the teaching staffs of our chemical engineering 
schools are not adequate for the task of preparing our 
young men for graduation with degrees in chemical ep. 
gineering. No good school should consider itself capable 
of granting bachelor’s degrees in chemical engineering 
unless it has at least one man on its staff with sufficient 
practical experience and understanding of industrial 
methods to permit him to present a respectable design 
course. The main point which Dr. Stout intended to 
bring out in his statement was that outside lecturers 
should be brought in from industry for the course in 
plant design. This suggestion has a great deal of merit 
and should be followed if at all possible. However, 
this does not mean that the entire course should be 
given over to a series of lectures by various industrial 
“experts” although this method has been used by some 
of our chemical engineering schools.2 A good plant- 
design teacher can organize his lectures so that a fine 
continuity runs through the entire course. If the 
classes are occasionally given over to appropriate talks 
by capable men from industry, the students will bene- 
fit from the direct contacts with industrial ideas and 
practices. These outside lectures can be arranged to 
fit in with the subject matter previously treated by the 
instructor and the new viewpoints will serve as an ideal 
balance for the course. 


OUTLINE OF COURSE 


The subject material which should be covered in the 
plant-design course can be broken down into four gen- 
eral headings as follows: 


I. Economic considerations. 
II. General design considerations. 
III. The design project. 
IV. Design calculations and methods. 


The table presents an outline of the important sub- 
jects that should be included under each of these four 
general headings. 

A treatment of chemical engineering economics should 
be presented at the beginning of the course. This gives 
the students an introduction to the financial side of 
chemical engineering and permits an immediate visuali- 
zation of the essential profit problems facing all indus- 
trial concerns. The various types of costs involved in 
industry along with methods for estimating these costs 
should be considered. Investments and return on 
investments are of particular importance and these 
two topics should be covered thoroughly before any 
design problems are attempted. 

To present the over-all picture of plant design, it is 
necessary to include a number of specialized topics such 
as plant location, waste disposal, patents, and others 


1 Stout, L. E., Am. Soc. Eng. Educ. address, June, 1951. 
2 Nicuois, W. T., Chem. Eng. Prog., 48, 201 (1952). 
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as shown in the table. The emphasis to be placed on 
each of these subjects must be determined by the in- 
structor. Time limitations may make it impossible to 
cover each of the general design considerations in de- 
tail; however, no course in plant design would be 
complete without, at least, a brief discussion of the ten 
general subjects indicated in the table. 

The methods for carrying out a design project should 
be covered in detail. The various types of designs and 
procedures for developing the best possible processes 
must be discussed. Many students are very weak in 
preparing adequate reports on the work they have done; 
therefore, the treatment of the design project should 
include a comprehensive discussion on report writing 
along with samples of outlines for the various types of 
design reports. 

Probably the most important part of the plant-de- 
sign course is the portion dealing with design calcula- 
tions and methods. It is here that the students have 
the opportunity for a composite application of their 
previous training. The instructor must be very careful 
to tie in the theoretical considerations with practical 
considerations. For example, in the design of a coun- 
tercurrent, gas-liquid absorption tower, the theoretical 
principles from earlier unit-operations courses are used 
to estimate the height of a tower necessary for a given 
performance. The diameter may be determined from 
design data dealing with maximum allowable vapor 
velocities. The optimum diameter and height will 
depend on the gas-blower power costs necessary to over- 
come the pressure drop, power costs for pumping the 
liquid to the top of the tower, costs of fabricating the 
different sizes of towers, and other variables depending 
upon the particular process. In addition, the space 
available for the tower as well as constructional and 
material-shipping difficulties must be considered. In 
working with problems of this type, the students ob- 
tain a full realization of the ways of applying their 
theoretical training and the practical limitations set by 
industrial conditions. 

As many of the unit operations as possible should be 
included when dealing with methods for design calcu- 
lations. In a course of this type, it is best to cover the 
various unit operations under the general headings of 
materials transfer, heat transfer, and mass transfer. 
Since it is impossible to treat all the possible design 
calculations, the instructor must choose certain typical 
examples and explain them in a clear fashion. In this 
way, the students will see the manner in which the 
theoretical principles are applied to practical cases of 
design, and they will be able to extend these methods to 
other types of problems. 

The class lectures on materials transfer might start 
with methods for determining optimum pipe diameters. 
This could lead easily into design of pipe lines and se- 
lection and location of pumps. Treatment of flow of 
fluids could be extended to include methods for esti- 
mating pressure drop or maximum allowable velocities 
in packed towers and bubble-cap plate towers. A dis- 


cussion on the design of gas turbines and the generation 
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of electricity would show the students how their courses 
in fluid flow and electrical engineering can be tied to- 
gether. Methods for filtration design calculations, 
including power requirements for the vacuum pump 
motor on a continuous rotary filter, could also be in- 
cluded in the general treatment of materials transfer 
or fluid flow. . 

The instructor must have an organized plan for pre- 
senting the part of the course dealing with methods for 
design calculations. A series of isolated examples 
chosen with no regard for continuity will be of little 
value to the students. The transition from one subject 
to another should be made gradually so that the stu- 
dents have the feeling of one subject leading directly 
into the next. 

Methods for applying chemical kinetics in design 
calculations should be emphasized. Too many of our 
chemical engineers never see the practical use of their 
chemical thermodynamics and kinetics courses. A few 
typical examples in the design class will open the stu- 
dents’ minds to the value of chemical kinetics. Sher- 
wood and Pigford’ have presented a classic example of 
the application of kinetics to design calculations. They 
give a detailed explanation showing how the number of 
trays theoretically needed in a nitric acid absorption 
tower can be determined by use of reaction-rate con- 
stants for the oxidation of nitric oxide to nitrogen di- 
oxide and equilibrium constants for the reaction be- 
tween water and nitrogen dioxide. The use of this 
nitric acid example illustrates how a smooth transition 
could be accomplished from mass transfer discussions 
to considerations emphasizing chemical kinetics in 
design. 


THE MAJOR PROBLEM 


One of the main goals of the major design problem 
is to give the individual student confidence in himself 
and his ability as a chemical engineer. Therefore, 
it is best to have the students work alone on the major 
problem rather than in groups of two or three. The 
instructor must choose this problem with a great deal 
of care. It must be typically representative of the type 
of design problems encountered in industry and its so- 
lution should lead to a concise and definite result. 

The National Student Contest Problem put out 
yearly by the American Institute of Chemical Engi- 
neers is ideal for use as the major design problem. The 
students are given thirty days for completion of the 
contest, and the winners of the top six places are given 
national recognition. These problems are always very 
well presented and are usually drawn up by men in 
industry. 

As the senior chemical engineer goes through the 
early part of his design course, he begins to understand 
why he has had to study such a wide variety of sub- 
jects. Hestarts to realize that he can apply his training 
as a composite whole and not just in sections. The 


8 SHERWooD, T. K., anp R. L. Prerorp, ‘‘Absorption and Ex- 
traction,” 2nd ed., McGraw-Hill Book Co., Inc., New York, 
1952, p. 372. 
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methods and problems of industry become something 
tangible. After the student, following many stops and 
starts, finally completes the major design problem, he 
becomes a man confident of his ability to take his place 
in industry as a chemical engineer. 


JOURNAL OF CHEMICAL EDUCATION 


Too many of our schools are graduating chemical 
engineers without tying their training together and 
preparing them for industry. A good course in plant 
design will remedy this situation. It is up to our chem- 
ical engineering schools to supply such a course. 


Aone the contemporary Belgian chemists, Jean 
Baptiste Gillis is outstanding in the field of analytical 
chemistry. Son of a military physician, he was born 
at Arlon on August 8, 1893. His secondary education, 
along the usual classical lines, was obtained at Ghent, 
the home of his mother, and then at Antwerp. In 
1911 he enrolled at the University of Ghent and in 1913 
became a candidate for a degree in natural sciences. 
His chemical training was under the supervision of 
Frederic Swarts (1866-1940) who is well remembered 
for his pioneering work with fluorine compounds.! 
When the first world war broke out, Gillis immediately 
joined the colors and as an infantryman took part in 
the defense of Liége and Antwerp. He was wounded 
and evacuated to Holland, where in 1915 he was at- 
tached to the Ecole Belge d’Amsterdam as instructor 
in physics and chemistry, since he had qualified as a 
teacher in these subjects. 

He also attended the courses of A. F. Holleman? 
and Andreas Smits* at the University of Amsterdam. 
The former had an international reputation for his work 
on substitution in the benzene ring and his textbook of 
organic chemistry. The latter, a physical chemist, was 
the author of the widely known “Theories of Allotropy.” 
Gillis started his research career in Smits’ laboratory, 
where he studied the heterogeneous and homogeneous 
equilibria of two systems, namely, thiocyanates and 
isothiocyanates, and reducing sugars in the presence of 
water or organic solvents. In 1917 he reached Eng- 
land and then went back to the Belgian front, this time 
in the artillery. In September, 1918, he took the doc- 
toral examination before the Jury Central, which had 
been set up by the Belgian authorities and was then 


1 For biographical details, see VAN Hove, T. H., Bull. soc. chim. 
Belges, 49, 33 (1940). 

2 See J. Cuem. Epuc., 13, 401 (1936); Jortssen, W. P., Chem. 
Weekblad, 15, 1309 (1918). 

3 See J. Cuem. Epuc., 17, 151 (1940); Gurus, J. B., Koninkl. 
Vlaam. Acad. Wetenschap. Belgié, 1949, 188-206. 


JEAN BAPTISTE GILLIS 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


meeting in Le Havre, France. His work on the thio- 
cyanate-isothiocyanate equilibrium served as the thesis. 
After the Armistice in November, 1918, Dr. Gillis was 
given a post in the laboratory of general chemistry 
at Ghent. It was directed by Swarts, his former 
teacher, who was maintaining the excellent chemical 
tradition which had been instituted there by Kekulé 
(1858-68) and continued by his father, T. Swarts, and 
brother-in-law, Leo Baekeland, before the latter’s emi- 
gration to the United States. 

In 1923 the Faculty of Sciences came to a fortunate 
decision; it set up an independent chair of analytical 
chemistry. No longer, as in the past, was it a mere 
dependent of the courses in general and applied chem- 
istry; it became something higher than the “humble 
servant”’ of the other disciplines. Gillis was made the 
first occupant of the new chair, a position he has filled 
with distinction. Here he has been able to carry on 
researches in the theory of analytical chemistry and 
also to conduct studies of a practical nature, as is 
fitting in view of his courses for engineers, pharmacists, 
and those specializing in chemistry. 

Since much of his training had been in physical chem- 
istry, it was but natural that he began his independent 
research career with electrochemical problems; he 
made valuable contributions to potentiometry and rapid 
electroanalysis. Polarography was introduced into 
his laboratory in 1928. By scraping the anode and 
cathode simultaneously and continuously with a 
diamond during the electrolytic deposition of various 
metals, he proved the importance of the adsorption of 
their own ions and also contributed to a better under- 
standing of passivity. 

In the field of colloids, he made quantitative studies 
of the exchange of ions to negative silver iodide sol. 
When it was found that the determination of traces of 
elements was important to the preparation of this sol 
in a pure state, he made the necessary determinations 
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polarographically as well as by means of the spec- 
trograph. 

His work on the determination and toxicity of mercury 
vapor led him to the use of charcoal activated with five 

r cent of bromine as a collector for these vapors. 

With the aid of several collaborators he sought to 
prove in general that in spectrochemistry it is possible 
to determine not only the minor elements but also the 
metals which are present in predominant proportions. 
This program was applied with success to white metal, 
bronze, steel, clay, and blast-furnace slag. For the 
past several years his laboratory has been equipped for 
the direct analysis of special steels and the feasibility 
of the original idea has been sustained. 

In 1940 Professor Gillis was appointed to the Com- 
mittee on Analytical Reactions of the International 
Union of Pure and Applied Chemistry.‘ He then em- 
barked on an extensive program of studying critically 
the reactions of analytical chemistry. Together 
with C. J. van Nieuwenburg (Delft) and Paul Wenger 
(Geneva) he issued the well-known ‘“‘Deuxiéme Rap- 
port” (Basle, 1945) whose essence was contained in the 
“Reagents for Qualitative Inorganic Analysis’ (New 
York, 1948) by Wenger, Gillis, and van Nieuwenburg. 
As chairman of the commission he is now directing the 


critical and experimental study of the reactions of color- 
imetry. 

The graphical representation of the sensitivity of 
reactions and the effect of foreign materials on sensi- 
tivity have led him to construct many sensitivity dia- 
grams and to employ them, for example, for semi- 
quantitative purposes under conditions which are quite 
simple with respect to both material and execution.® 

During the more recent years he has devoted himself 
mostly to the synthesis of new organic reagents de- 
signed for the sensitive detection of certain ions. For 
example, cuproine has been the subject of a very nice 
study which has resulted in a specific test for univalent 
copper. A most fertile field has been opened, particu- 
larly by his collaborator, J. Hoste, who has been study- 
ing the steric blocking of the functional group of fer- 
rone and cuproine by terminal groups, and there is 
hope that it may become possible to choose and con- 
struct reagents on more rational bases of both physical 
and chemical nature. 

Not all of Professor Gillis’ fields of research have been 
touched on here, but enough has been given to prove 
that he is an exceedingly effective member of the chem- 
ical profession. He is Associate Editor of Analytica 
Chimica Acta. 


‘See J. Cuem. Epuc., 30, 66 (1953). 


5 Ibid., 29, 170 (1952). 


* TYGON BULBS FOR MEDICINE DROPPERS 


Tue deterioration of rubber bulbs on medicine droppers 
is a common problem in the semimicro analytical lab- 
oratory and the advantages of bulbs made of Tygon, 
polyethylene, or some other flexible material which is 
resistant to the action of most common reagents are ap- 
parent. The illustration shows a medicine dropper 
fitted with a “bulb” of 1/,-inch Tygon tubing. The 
end was sealed by heating with an ordinary soldering 
iron fitted with a special tip designed to hold the tubing 
tightly closed while being heated. Droppers fitted 
with bulbs of this type have given good service in our 
student laboratories when used with a variety of com- 
mon laboratory reagents—dilute and concentrated 
acids, ammonia solutions, NaOH solutions, and so 
forth. 


JOHN L. MARGRAVE 
University of Wisconsin, Madison, Wisconsin 
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Niuvuayvrw (triketohydrindene hydrate) is a very use- 
ful colorimetric reagent for the identification and analy- 
sis of amino acids (1, 2, 3) and its use has been ex- 
tended to the paper chromatography of amino acids and 
protein hydrolyzates (4). Several simplified techniques 
for the use of this reagent in undergraduate biochemical 
and organic experiments have been proposed (4). 
Unfortunately ninhydrin is very expensive, but it can 
be synthesized by any undergraduate student in three 
laboratory sessions, some very interesting reactions 
being involved. Starting with cheap phthalic anhy- 
dride, which is condensed with acetic anhydride using 
potassium acetate as catalyst (6) (pyridine is inactive), 
the phthalylacetic acid (I) obtained is converted to 1,3- 
hydrandione-carboxylic acid with a methanol solution of 
sodium methcxide. This carboxylic acid is decom- 
posed with hydrochloric acid and the 1,3-hydrindane- 
dione (II) obtained is oxidized with selenium dioxide 
(7) to ninhydrin, which is then purified (8). 
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Preparation of Phthalylacetic Acid. A mixture of 40 
ml. of acetic anhydride, 30 g. of phthalic anhydride, 
and 5 g. of potassium acetate was heated to 155-65° in 
an oil bath for 15 minutes. The mixture changed color 
from yellow to reddish violet. Then the mixture was 
poured into ice-cold water, and the yellow precipitate 
was collected by suction and rinsed several times with 
water and once with a small amount of 50 per cent 
alcohol solution. After drying, the precipitate weighed 
16-20 g. (41-51.5 per cent yield) and its melting point 
was 210-27°. A sample of crude phthalylacetic acid 
was crystallized from hot methanol, giving yellow 
needles melting at 244-6° (theoretical m. p. 246°). 

Preparation of 1,3-Hydrindanedione. To a solution 


e THE PREPARATION OF NINHYDRIN AS A 
LABORATORY EXPERIMENT 


XORGE ALEJANDRO DOMINGUEZ 


Instituto Tecnologico y de Estudios Superiores de 
Monterrey, Monterrey, Mexico 


of 14.3 g. of sodium methoxide (or its equivalent ob- 
tained by dissolving sodium in methanol) in 200 ml. of 
anhydrous methanol was added 15 g. of phthalylacetic 
acid, the red solution was allowed to stand one hour at 
room temperature, then the yellow precipitate was col- 
lected by suction and mixed with 150 ml. of a 10 per 
cent solution of sulfuric acid. This mixture was heated 
on the steam bath until no more carbon dioxide was 
evolved (15-20 minutes), the hot solution was filtered 
and allowed to cool, and the yellow crystals of 1,3-di- 
ketohydrindanedione were collected by suction, rinsed 
with water, and dried (m. p. 124-6°). Ajsample was 
recrystallized from ligroin, melting at.129-30°. The 
yield was 4—7 g. (35-67 per cent). 

Preparation of Ninhydrin. A solution of 3.1 g. of 
selenium dioxide (or its equivalent of selenious acid) 
in a mixture of 66 ml. of dioxane and 1.2 ml. of water 
was heated to approximately 60-70°, then 4 g. of crude 
1,3-diketohydrindanedione was added, and the result- 
ing mixture was refluxed five hours. The hot mixture 
was filtered and concentrated to one-fourth of its 
volume on the steam bath, and then 20 ml. of water was 
added and the solution was boiled to coagulate the red 
tarry precipitate which was removed by filtration. The 
filtrate was boiled with 0.2 g. of Norite, filtered again, 
concentrated to 6-8 ml. and allowed to stand at room 
temperature. The crystals of crude ninhydrin were col- 
lected by suction and recrystallized from 8 ml. of a 5 per 
cent solution of hot hydrochloric acid with the aid of 
0.2 g. of Norite. Long colorless prisms of ninhydrin 
were obtained, melting at 239-41°, which turned red at 
127-9°. With a-amino acids the characteristic blue 
color reaction was produced. The yield was 1.1-1.5 g. 
(22.5-30.5 per cent). 
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PHYSICAL CHEMISTRY IN PHARMACEUTICAL RESEARCH’ 


Tue physical chemistry of the modern pharmaceutical 
laboratory is to some extent a complicated analytical 
chemistry. Recent developments in the field range 
from seemingly simple techniques, using old and 
familiar materials, to relatively expensive and elaborate 
arrangements, employing the very latest developments 
So varied and 
valuable have these techniques become during the last 
decade that sizable laboratories usually have a group 
charged principally with the responsibilities for these 
operations. 

It usually requires several months for an operator to 
become thoroughly familiar with a new technique. It 
may take as many years to acquire an adequate back- 
ground and experience in the interpretation of data. It 
is by combination of these manipulative skills with the 
specialized experience that the finest yield in investiga- 
tive return is obtained. 

A specific example of the contribution that a physical 


1 Presented at the 49th meeting of the Michigan College Chem- 
istry Teachers Association, May 9, 1952. 
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Figure 1 


Curve 1: A-65 
Curve 2: p-nitrotoluene (ord. X 1/2) 
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Figure 2 


Curve 1: A-65 reduction 

Curve 2: p-toluidine (ord. X 1/2) 

Curve 3: A-65 red. in HCl 

Curve 4: p-toluidine in HCl (ord. X 1/2) 


method may make is shown in the determination of the 
structure of the antibiotic A-65, Chloromycetin. 

Figure 1 shows the ultraviolet absorption spectrum 
of the antibiotic. From experience with many types of 
spectra, it would seem that the characteristics resemble 
most closely those of a nitrobenzene derivative. For 
comparison, the curve of p-nitrotoluene is given in the 
figure. The similarity in band shapes and positions of 
the two curves indicates that the chromophores are 
closely related. To test the nitrobenzene hypothesis, 
a simple chemical reduction was performed on the anti- 
biotic. This should give the amino derivative similar 
in chromophoric properties to p-toluidine. The solid 
curves in Figure 2 show a convincing similarity. Asa 
further check, both reduction product and p-toluidine 
were examined in strongly acid solution. Again there 
is a striking agreement, indicating that indeed the anti- 
biotic contains a p-nitrobenzyl group. A _ sizable 
portion of the structure of the new compound was thus 
established in a few hours. 
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eo CHEMISTRY TEACHING FOR GENERAL 


EDUCATION’ 


Ix THOSE institutions having no distinct program of 
general education the beginning course in chemistry 
must assume responsibility for representing science as a 
significant aspect of intellectual activity. The need for 
a widely educated citizenry, rather than the narrow 
specialists of Plato’s ideal, becomes increasingly obvious 
as the complexities of life grow. A real appreciation of 
the methods, aspirations, and limitations of science has 
become an essential ingredient of general education. 

Too often, under the pressure of covering as much 
material as possible in the ever-tightening curriculum, 
teachers lose sight of this basic obligation. The 
presence of qualitative analysis, for instance, in the 
first year’s work, has little justification except, perhaps, 
as training for future chemists; the resulting compres- 
sion of more vital matter is extremely unfortunate. 
The basic problem consists in emphasizing science as a 
way of thinking, without sacrificing essential content. 

One solution would allow the general aspects of 
science to be taught in a separate course, thereby per- 
mitting concentration on content in beginning chem- 
istry. The weakness of this solution is fundamental; 
science has no meaning divorced from context. Clearly 
the rigid discipline of a particular subject matter must 
be the basis for any fruitful exemplification of science. 

Can one afford the additional time required for in- 
creased emphasis on science in view of the other respon- 
sibilities of the beginning course? The answer is that 
time must be found, even at the risk of doing away with 
some of the sacred cows of tradition. Numerous topics 
can be excised without harm either to preprofessional 
training or to education for life. 

While the most significant efforts in the direction of 
education in the meaning of science are represented by 
the integrated studies, there is no reason why such 
efforts cannot be made successfully within the format of 
the first-year specialized course. The content need not 
be revised drastically; the major alteration would be in 
the way of viewing the content. A critical and inquir- 
ing attitude toward the problems encountered and con- 
stant vigilance for lacunae in the reasoning process 
should provide the proper atmosphere. The textbook 
or syllabus should exhibit the thought processes of the 
investigators, as does the physics text of Taylor (/). 

Much can be learned about possible avenues of 
approach from an examination of current experiments 
in the integrated curricula. A brief résumé of several 
techniques in present use may be of value in adapting 
conventional materials for this approach. 


1 Presented at the 123rd Meeting of the American Chemical 
Society, Los Angeles, California, March 16, 1953. 
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One technique is that found in the much-castigated 
“survey” course. Integration is its professed aim, al- 
though compartmentalization usually is present. At 
its worst the survey is superficial, trivial, and un- 
scientific, but at its best its promise exceeds that of the 
specialized courses, since the survey can draw upon a 
wide range of subject matter for illustrations of 
scientific investigation. A valuable textbook in the 
survey field is that of Krauskopf (2). 

More radical departures from convention result from 
the application of the premise that students best learn 
about science by study of original reports of scientific 
investigations. Two implementations of this premise 
may be mentioned here, that of Harvard University and 
that of the University of Chicago. 


The Harvard method is based upon the principles out- : 


lined in Conant’s “On Understanding Science”’ (3), and 
utilizes the “Harvard Case Histories in Experimental 
Science” (4) as the basis for lecture and discussion. 
Each of the ‘Case Histories’ centers about a particular 
problem arising in the development of science and con- 
sists of a constellation of excerpts from original reports 
interpreted by considerable editorial commentary. 
While superficially similar to the Harvard approach, that 
of the University of Chicago differs at salient points. In- 
stead of excerpts from original articles, entire papers 
are studied wherever possible (5). Editorialization is 
limited to rewording for clarity, explanation of terms, 
and filling gaps; practically no evaluational material is 
inserted. Since understanding is regarded under the 
latter plan to arise if student-teacher interaction is 
maximized, the absence of ‘‘official’’ interpretation has 
the purpose of encouraging free discussion. Obviously 
a greater variety of source material is possible under 
the Harvard system, but from the viewpoint of educa- 
tion as an active process on the part of the learner, the 
Chicago technique may be on surer ground. 

Quite aside from the question as to possible overem- 
phasis of the historical or philosophical aspects of 
science by these methods, two basic limitations appear. 
One is the difficulty of exhibiting a sufficiently broad 
panorama of content, thus necessitating extreme care 
that the choice of papers be truly representative. 

A more serious limitation lies in the fundamental fact 
that scientific reports are couched, for the most part, 
in terms far more suitable for fellow scientists than for 
students. The number of usable papers is thereby 
severely restricted. Moreover, those which are usable 
are often “‘old,” since simplicity of concepts and quanti- 
tative manipulation is an attribute of the younger 
phases of a science rather than of a mature science. 


DECE 


Henc 
origi 
scien 
On 
of th 
texts 
of a 
prove 
sion. 
istry, 
Men 
mole 
ment 
moles 
It i 
chara 
to sv 
the s 
shoul 
and | 
both 
and 
atom 
quiry 
uninf 
tive 
abstr 
may 
As 
mate 
scien 
leculs 
Af 
of ms 
ing t 
suita 
their 
Since 
of 
rent] 
struc 


As 
infor 
law J 
chec 
shov 
tion 
the « 


‘ 

\ 

- 

prop 

insta 
alwa; 
and 
being 
ana 
the 
h 

Shor 
facts 

shou 
cides 

| 

| 


DECEMBER, 1953 


Hence a common criticism of courses based entirely on 
original reports is that the content of present-day 
science lacks adequate representation. 

One implication of the foregoing is that presentations 
of the type exemplified by the Taylor and Krauskopf 
texts may be combined profitably with intensive study 
of a few key papers. A number of such papers have 
proved themselves highly useful for classroom discus- 
sion. Among these are Lavoisier’s ‘Treatise on Chem- 
istry,” the Dalton, Gay-Lussac, Avogadro, Cannizzaro, 
Mendeleev sequence on the development of the atomic 
molecular theory, the van’t Hoff and Arrhenius treat- 
ments of colligative properties, and Clausius’ kinetic- 
molecular theory. 

It is entirely possible, however, to impart the essential 
characteristics of the scientific method without recourse 
to such materials if the classroom procedures reflect 
the scientific viewpoint. Each important hypothesis 
should be accompanied by supporting factual evidence, 
and pains should be taken to exhibit all of the links, 
both strong and weak, in the chain of validation. Bald 
and unsupported statements such as ‘‘We know that the 
atom is mostly empty space,” violate the spirit of in- 
quiry and cannot but leave the student unsatisfied and 
uninformed. Of course, not ali theories require exhaus- 
tive validation; some rest on an irreducible core of 
abstruse physico-mathematical principles and others 
may not be important enough for such development. 

As an illustration of a way in which conventional 
materials may be used to illuminate the facets of 
scientific method, class discussion on the kinetic-mo- 
lecular theory of matter might proceed as follows. 

After a preliminary grounding on possible definitions 
of matter and its states, alternative methods for attack- 
ing the problem of its constitution are discussed. The 
suitability of gases for this study, in consideration of 
their similarity in physical behavior, is developed. 
Since the theory proposed by students in explanation 
of expansibility, diffusibility, etc., is usually the cur- 
rently accepted one, an opportunity is afforded the in- 
structor to assume the guise of a devil’s advocate by 
proposing an alternative postulate. He may hold, for 
instance, that gases are made up of particles which are 
always in contact and which are capable of expansion 
and contraction under certain conditions, his purpose 
being to stimulate thinking. The first reaction to such 
an absurd idea is usually an emotional affirmation in 
the ‘correctness’ of the kinetic-molecular theory. 
Shortly, however, even the dullest student realizes that 
facts, not faith, are required here; out of the confusion 
should come the realization that objective evidence de- 

‘cides scientific issues. 

As the discussion continues, the need for more precise 
information about gases becomes apparent. Here the 
law PV =kT is developed as a class demonstration. A 
check on the validity of the kinetic-molecular theory is 
shown to be possible by deriving a quantitative predic- 
tion from the theory and comparing this prediction with 
the empirical relation. The instructor now exhibits the 
derivation of the equation PV = '/; nmu*, exercising 
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great care to furnish the essential physical concepts and 
definitions involved and emphasizing the underlying 
assumptions of negligible molecular volume and inter- 
action. The similarity of the theoretical and empirical 
equations is noted. 

Complete correspondence of the two equations is seen . 
to require an additional assumption, namely that abso- 
lute temperature is the outward manifestation of molec- 
ular translational kinetic energy, thereby leading to 
what seems to be fact-getting without experiment. 
Skillful guidance of the discussion should now lead to 
the realization that such assumptions are not amenable 
to direct proof but may be validated through their con- 
sistency with other facts. 

At this point the class is apt to feel quite self-satisfied 
and certain that the Q. E. D. has been pronounced. 
The illusion is promptly dispelled by exhibiting data on 
carbon dioxide at high pressures and low temperatures. 
Apparently the assumptions underlying the kinetic 
equation must be re-examined and modified. Allow- 
ance for molecular volume and intermolecular attraction 
is seen to provide corrections which are of the proper 
direction and magnitude. Thus deviations of gases 
from the gas laws can furnish additional support for 
the kinetic theory. 

The interplay of ideas during the give-and-take of in- 
formal discussion furnishes a splendid learning situation. 
Naturally, the instructor’s preparation for sessions of 
this kind is far more demanding than that for the one- 
way flow of the lecture, but the sense of accomplishing 
something worth while is its own reward. The in- 
tellectual growth of the student is almost palpable. 

A note of caution must be sounded, however. Unless 
the course examinations truly reflect the complex ob- 
jectives of instruction, much of the gain may be nulli- 
fied. Students are realistic above all else, and soon re- 
fuse to struggle with the less obvious aspects of scien- 
tific reasoning in the classroom if the examinations test 
merely for pedestrian recall of facts and solution of 
hackneyed numerical problems. The importance of 
high-level examinations cannot be overemphasized. 

In the last analysis quality in teaching rests with the 
individual teacher. Even the murkiest materials can 
be illuminated to some degree by a competent and en- 
thusiastic personality. Nevertheless there is little sense 
in imposing unnecessary burdens of understanding on 
the student. Perhaps this paper may serve by suggest- 
ing ways of facilitating the learning process and the 
acquisition of desirable attitudes toward science. 
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A reativery new group of compounds has recently 
been reported. It was formed as a result of studies 
made on compounds which do not readily fall into 
strictly inorganic or organic groups and which do not 
appear to exhibit any one, or several, of the conven- 
tional types of bonding. These compounds are cage- 
like in nature and offer interesting features for further 
investigation. 

As early as 1886 Mylius (1) made careful observa- 
tions on complex compounds formed by quinol with 
certain volatile compounds, such as hydrogen sulfide, 
sulfur dioxide, and hydrogen chloride. He found these 
compounds to contain three or four molecules of quinol 
to each molecule of the other component. Further 
than that they presented an enigma to him. He 
suggested that no ordinary combination occurred 
between the two types of compounds but that during 
crystallization the quinol molecules were in some way 
able to lock the volatile compounds into position with- 
out chemical bonding. To all appearances these larger 
molecules had an existence which was not explained by 
the union of components held together by one or several 
of the various types of chemical bonds. It seemed 
probable that they resulted from the complete enclosure 
of one molecule by two or more molecules of another 
component, in such a manner as to prevent escape unless 
the strong forces which bound together the enclosing 
molecules were broken. 

Mylius’ work has been remarkably verified and ex- 
tended by Palin and Powell (2) who restudied the 
crystal structures of these and other quinol complex 
compounds. They found that the quinol molecules 
link together through hydrogen bonds to form infinite 
three-dimensional complexes of trigonal symmetry and 
that these giant molecules may enclose a second com- 
ponent. The several characteristics which compounds 
of this type have in common led Powell (3) to group 
them together. He observed the firmness with which 
they were held together though their components 
appeared to have no strong attractive forces between 
them; rather, they were held by the enclosure of one by 
the other, of both by each other, or by some other un- 
common mechanism. Because of this unusual type of 
binding Powell proposed that they be called ‘‘clathrate”’ 
compounds, from the Latin word clathratus meaning 
enclosed or protected by cross bars of a grating. 

Obviously considerations of size and of type of bond- 
ing within the cagelike portion of the molecule enter 
into an understanding of the nature of these com- 
pounds. Common sense dictates that the form of such 
enclosures must contain spaces of size great enough to 
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hold a molecule of the second component. Also, the 
spaces must be bounded in such a manner as to prohibit 
escape of the enclosed molecules. When formation is 
taking place the molecule to be enclosed must be 
properly orientated when the cage is closing. When a 
cavity forms without enclosing a molecule of the second 
component the difficulty of getting one in is equal to 
that of getting one out. Each of these characteristics 
has been observed. It has been noted, too, that 
molecules may and do escape from within the “cages.” 
This process is considered a type of the typical dissocia- 
tion reaction in which the rate depends upon the energy 
of activation. 

Powell has dravn some generalizations with regard to 
clathrate compounds (8) as a result of careful investiga- 
tions on specific compounds carried out by him and his 
colleagues. He and Palin (4) have reported a thorough 
study of the 3C,H.(OH)2-M type compounds in which 
M may be hydrogen sulfide, sulfur dioxide, hydrogen 
cyanide, formic acid, hydrogen chloride, hydrogen 
bromide, or methanol. They made determinations by 
three-dimensional Fourier methods showing the quinol 
molecules to be linked together. The giant molecules 
which result were shown to have forms so open that two 
such giant molecules could completely interpenetrate 
each other without having any direct attachments. 
Within these frameworks the volatile molecules were 
caught in cavities. Powell refers to compounds of this 
type as organic, because the framework is organic. 

A typical inorganic clathrate compound is that 
studied by Powell and Rayner (5). The framework is 
inorganic. The compound, Ni(CN)2-NH3-M, is formed 
by trapping the organic molecule M, where M may be 
benzene, thiophene, aniline, furan, phenol, or pyrrole. 
The nickel atoms and the cyanogen groups form sheets 
from which the ammonia groups project giving alter- 
nately planar and octahedral coordination of the nickel 
atoms. The resulting cavities are too large for ready 
crystallization but on trapping organic molecules of 
suitable size crystallization proceeds rapidly. Since 
size is of such importance here, it has been suggested 
(5) that benzene is readily trapped, but its homologues 
are too large to be trapped. Therefore the reaction is 
selective or preferential and crystallization with the 
formation of Ni(CN).-NH;-CsHe may be used as a 
means of estimating benzene in the presence of its 
homologues. 

In general, the preparation of clathrate compounds 
appears to be quite simple. For example, crystalliza- 
tion of 3CsH,(OH).-SOz is carried out in solutions of 
quinol in water which have been saturated with SO». 
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The resulting crystals, like most crystals of clathrate 
compounds, are very stable under ordinary conditions 
of storage and do not even give off the odor of the 
yolatile component. They decompose when heated 
near their melting points, when dissolved in water or 
when ground in a mortar (4). 

While each individual compound is most adequately 
described separately, a general picture may be given by 
a more convenient representation. Powell introduced 
the encirclement formula as a means of simplification 
(8). Encirclement formulas may be used where C gives 
the composition of the cage and M that of the enclosed 
compound. The formula, 


shows a simple clathrate molecule. 


C 
M 
N 
indicates an infinitely extended complex in a crystal. 
The formula of any clathrate compound is determined 
by the ratio of available cavities to the amount of cage 
material. 


Using the encirclement formula the compound, 
may be written: 


The formula, 


I+ C,H, 


The interlocked rings denote mutual enclosure of two 
identical cageworks. The subscript N outside the 
brackets shows that the cages are infinitely extended 
and that there is multiple enclosure of each cagework 
by the other. The resulting unoccupied space is filled 
by the inorganic molecule, SOs». 

To explain the restrictions of the SO, molecule within 
the cage Powell employed the following diagram (3): 


Hydrogen bonds (arrows) hold the molecules together. Covalences pre- 
serve the shape and size of the molecules as the cage component and limit 
the positi and possible directions of the H-bonds. 


According to this representation the enclosed molecule, 
M, could escape by pushing apart the two independent 
portions of its cage, against their van der Waals attrac- 
tion. Although this may be a large force, nevertheless 
if an attempt is made to enlarge the holes of exit the 
cages will necessarily be brought together more closely 
elsewhere. Larger repulsion forces will result and pre- 
vent enlargements of the exits. The effectiveness of 
these forces is contingent upon the stability of both the 
H-bonds and the covalent linkages. 

The general encirclement formula, 


may be applied to all clathrate compounds. In the 
formula NM there may be: 
(1) A whole number, Nn, of molecules of component 


(2) Any fractional amounts of two or more enclosed 
molecules that add up to a whole number. 

(3) Fractional amounts, as in (2), with the qualifi- 
cation that one of the enclosed molecules must be 
present in some minimum proportions needed to trap 
the other enclosed components. 

(4) Fractional amounts that do not add up to a 
whole number. This situation may occur when some 
of the cavities are unoccupied. 

Volume alone, not chemical nature, determines the 
type of molecule, M, to be enclosed. The lower and 
upper limits of the size of M are governed by the size 
of the cavities and the sizes of the available exits in 
the framework. Physical methods are used to make 
the final decisions in assigning compounds to the clath- 
rate group. However, preliminary assignments may 
be made as a result of investigations as to properties, 
molecular ratios, relative volumes of components, and 
the behavior of homologous or related substances. - 

Further knowledge of clathrate compounds, and an 
extension of investigations in this field, may well pro- 
duce answers to problems which have proved baffling 
in the past. Certainly the idea of chemical compounds 
composed of two or more molecules, each capable of 
separate existence and having no obvious means of 
chemical union, would not have been predicted. The 
usefulness of this information has already been dem- 
onstrated (6). The substance formerly called 8-quinol, 
a supposedly polymorphic form of quinol obtained by 
crystallization from methanol, has proved to be the 
clathrate compound Unexpected 
analytical data may at times be directly traceable 
to clathrate compound formation from a compound and 
its crystallization medium. The association of two 
substances without the necessity of chemical combina- 
tion in the usual sense of the term may be common in 
nature. Such compounds may be important in biolog- 
ical systems. The specificity and selectivity of the 
clathrate formations may serve as a key to complex 
molecular arrangements in living materials. 


629 

is 
O, the 
ohibit 
jon ig C 
hen a | 
econd 
lal to 
"istics 

that | 
nergy 
rd to 
stiga- 
d his | 
ough | 
rhich 
ogen 
ogen 
s by | 
cules 
two 
rate 
ants. 

this | 

N 

that | 
‘k is 
med 
be 
‘ole. 
eets 
ter- 
‘kel | 
ady 
nce | 
ted 
ues | 
1 is 
the | 
its | 
ids 

of 
De. | 


LITERATURE CITED 


(1) Mytrus. F., Ber., 999 (1886). 
(2) Paurn, D. E., anp H. M. Powett, J. Chem. Soc., 1948, 
571-4, 815-21. 


JOURNAL OF CHEMICAL EDUCATION 


(3) Powe tt, H. M., ibid., pp. 61-73. 

(4) Pain, D. E., anp H. M. Powe 1, ibid., 1947, 208-21. 

(5) Powerit, H. M., ann J. H. Rayner, Nature, 163, 566-7 
(1949). 

(6) Powe.., H. M., Endeavour, 9, 154-8 (1950). 


* 
CHEMISTRY 


Ir 1s the unfortunate opinion of many beginning 
physical chemistry students that they are being con- 
fronted with a hodgepodge of unrelated, highly theoreti- 
cal material. This impression tends to increase the 
difficulty which most students have in understanding 
the subject matter of a typical undergraduate physical 
chemistry course. In an article on the subject of teach- 
ing physical chemistry,! Kieffer stated that ‘the 
greatest challenge to the professor of physical chemistry 
is to establish a solid relationship in the student’s mind 
between the abstractions themselves and the phenom- 
ena upon which they are based.” 

This objective may be achieved, at least partially, if 
the course is designed to emphasize the continuity and 
usefulness of the topics to be covered. The purpose of 
this paper is to present an idea aimed at the accomplish- 
ment of this purpose. 

There are admittedly several difficulties which 
hamper some students in acquiring an understanding of 
the material in physical chemistry. Some of the im- 
pediments to learning which are offered as reasons or 
excuses by students are the mathematics involved, the 
lack of adequate preparation in other chemistry or 
physics courses, and the difficulty of the course itself. 
Some instructors also feel that inadequate mathematical 
background is the principal barrier.” 

It is the opinion of the author, however, that perhaps 
the major obstacle which prevents students from under- 
standing the material is simply a lack of enthusiasm for 
the subject. There is some accord with this opinion as 
evidenced by the number of articles on lecture demon- 
strations which serve principally to increase interest by 
augmenting the written and the spoken word with a 
visual observation and thus simplify the learning 


' Krerrer, W. F., J. Cuem. Epuc., 29, 226 (1952). 
H. B., ibid., p. 77. 
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process. Also, a recent article indicates that the sales- 
manship of the instructor is of prime importance.’ 

The suggestion offered in this paper is another device 
to arouse more enthusiasm for the course in the minds 
of the students. Furthermore, it is suggested that the 
fostering of this interest be initiated at the first lecture. 
It is the author’s opinion that enthusiasm will increase 
if the student can be made to appreciate the importance 
and significance of each of the topics covered. 

The suggested approach toward this aim is simply to 
devote a portion or all of the initial lecture to a study of 
some simple chemical process. By this method the 
student is impressed at the outset by the importance of 
many of the topics to be covered. He readily realizes 
how many questions which naturally arise concerning 
a simple chemical reaction may be answered by a 
knowledge of the fundamentals of physical chemistry. 
His interest in the course material is thus heightened 
from the beginning. Although only a few of the many 
topics to be covered are introduced in this way, once 
the student is convinced of the importance of these few, 
he is more willing to accept the instructor’s assurance 
that all of the material is valuable. 

One good reaction for this purpose is the Haber 
process for the fixation of nitrogen. To illustrate still 
further subjects covered in physical chemistry, it is 
helpful to add that the product, ammonia, is to be 
dissolved in water after it is made. The reactions then 
would be: 


Ne + 3H; 2NH; 
NH; + H,O — NH,OH (aq.) 


It is now helpful if the class pretends that it knows 
nothing at all about this reaction (often not too much of 
a pretense!) but is going to explore its possibilities by 


3 ScHwENCcK, J. R., ibid., p. 368. 
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doing some research with the eventual plan to erect a 
plant to market aqueous ammonia. In this case some 
of the questions which naturally arise and which can be 
answered by physical chemistry are as follows: 

(1) Is it plausible to expect the reaction to occur? 

Thermodynamics shows that the change in free 
energy for this reaction is —3.94 kg.-cal./mol of NH; 
and so it should proceed. Thermodynamics tells us 
that it is plausible from an energy standpoint but it does 
not tell us how to make the reaction go. 

(2) How much NH; will a mol of N2 give? 

The equilibrium constant for this :eaction at a given 
temperature and pressure shows exactly how much NH; 
is in equilibrium with any given amounts of N2 and He. 
As a corollary to this, it might be mentioned that the 
specific effects of changes in temperature and/or 
pressure can be calculated. 

(3) How long will be required for the reactants to 
produce the equilibrium concentration of NH;? 

A study of chemical kinetics in physical chemistry 
will show how these velocity constants may be deter- 
mined and how they may be used to determine the 
length of time required for any given portion of the 
reactants to be consumed. These constants may also 
show the effects which altering the stoichiometric ratio 
of reactants may have on the rate of reaction. Further- 
more, the role of catalysts, which alter the rate of 
chemical reactions, will be discussed. 

(4) Since they are gases, how may the quantities of 
the various materials be readily determined? 

The simple gas laws or compressibility diagrams allow 
the amounts of gases, even up to moderately high pres- 
sures and down to reasonably low temperatures, to be 
calculated from a knowledge of the volume, tempera- 
ture, and pressure or the critical constants. 

(5) Will the reaction be exothermic or endothermic? 

Methods for determining not only whether the re- 
action will absorb or evolve heat but how much heat will 
be discussed when the subject of thermochemistry is 
covered. Also the change in the amount of heat 
absorbed with a change in temperature may be deter- 
mined. 

(6) How much work will be required to heat the 
reactants to the optimum temperature and to compress 
them to the optimum pressure? 

In the basic study of chemical thermodynamics, the 
student will learn to handle expressions for the heat 
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capacities of gases and to determine the work and heat 
involved in isothermal and adiabatic compressions or 
expansions of gases. 

(7) What will be the heat effects when NH; is dis- 
solved in H,0? 

Heats of solution and solubilities are not so well 
understood as some other physical and chemical 
phenomena, but methods of calculating and handling 
integral and differential heats of solution will be dis- 
cussed. Also, based on molecular structure, which is 
studied in physical chemistry, intelligent guesses con- 
cerning solubilities may sometimes be made. For ex- 
ample, NH;, with an unshared pair of electrons on a 
reasonably electronegative element, would be expected 
to be quite soluble in water, owing to the formation of 
H-bonds, and to evolve heat upon solution. 

(8) Will there be storage problems? How basic are 
solutions of NH,OH? 

The discussion of ionic equilibria teaches the student 
to calculate readily the pH of aqueous solutions of any 
reasonable strength. Conductance measurements of 
aqueous solutions permit ready determination of the 
degree of dissociation and thus the ionization constant. 

(9) What are the possibilities of loss due to evapora- 
tion during handling? 

Means of determining the vapor pressure of a liquid or 
the partial pressures of components of a solution at 
various temperatures or pressures will be studied. 

(10) Will there be any difficulties in handling the 
liquid product? 

The physical properties of liquids, such as viscosity 
and surface tension and their variation with tempera- 
ture, will be discussed. These and other properties are 
useful in connection with pumping, pouring, and other 
handling operations with the product. 

All of these concepts are sufficiently simple that the 
student of elementary physical chemistry can grasp 
their significance, and there are undoubtedly many 
other points which can be made to illustrate still other 
topics which are to be covered in the course. The 
student is thus able to visualize the value of physical 
chemistry before starting the course and possibly his 
interest in the subject matter is stimulated from the 
beginning. It might also be helpful in pointing out the 
value of certain sections as they are taken up in the 
course to refer occasionally to this introductory lecture 
to refresh the student’s memory. 
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Tue purpose of any periodic table is to arrange the 
elements according to some pattern so that elements 
that are similar in their properties are grouped or linked 
together, so as to make them easily distinguishable. 

In the accompanying arrangement the elements are 
divided into three categories, namely: (1) Regular Ele- 
ments, which constitute eight principal groups, (2) 
Transition Elements, which constitute three series plus 
a unique element of a supposedly fourth series, and (3) 
Rare Earths, divided into two series. 

Regular Elements show similarities with one another 
along ‘‘columns’’ (vertical lines) whereas Transition 
Elements and particularly Rare Earths show similari- 
ties along “rows” (horizontal lines). This feature is 
taken care of by placing the Transition Elements and 
the Rare Earths in specific positions so that each ele- 
ment follows consecutively in order and yet does not 
intercept the principal groups nor needs to be placed in 
some unrelated position in the table. 

The electronic configurations of the elements con- 
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stitute the fundamental criterion for the accompanying 

arrangement. In comparing the distribution of elec- 

trons of any one element with that of the next element, a 

new ‘differentiating’ electron is always found, on the 

location of which this pattern is based. 

(1) As far as Regular Elements are concerned, the 
first column of elements, hydrogen, lithium, sodium, 
etc., possess one differentiating outermost electron in an 
s subshell. The elements beryllium, magnesium, etc., 
which constitute the second column, have two outer- 
most electrons in an s subshell. (The noble gas helium 
with no p electrons, has been grouped with other noble 
gases.) Note that: 

(a) Potassium and copper have one and calcium and 
zinc have two 4s electrons, which accounts for 
placing copper and zinc in the same groups as 
potassium and calcium, respectively. However, 
potassium and calcium have no electrons in the 
3d subshell whereas copper and zinc each has the 
maximum number of ten 3d electrons. 
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(b) Similarly, rubidium and silver have one and stron- 
tium and cadmium have two 8s electrons, which 
also accounts for grouping rubidium and silver 
in the first column and strontium and cadmium 
in the second column. On the other hand, rubid- 
jum and strontium have no 4d electrons at all, 
whereas in silver and cadmium the 4d subshell is 
completely saturated with 10 electrons. 

(c) Lastly, cesium and gold have one and barium and 
mercury have two 6s electrons and are corre- 
spondingly located in the first and second col- 
umns, but cesium and barium have neither 5d 
nor 4f electrons, while in gold and mercury these 
subshells are saturated with 10 and 14 electrons, 
respectively. 

(2) The different Transition Series consist of ele- 
ments that fill up a d subshell. In the first Series, ele- 
ments from scandium to nickel progressively fill the 3d 
subshell. With respect to the second and third Transi- 
tion Series the 4d and 45d subshells are, respectively, 
filled and, finally, there is only one 6d electron corre- 
sponding to the only element of a supposedly fourth 
Transition Series. 

(3) The filling of the 5d subshell is interrupted after 
the first electron is located in it. In fact, a second elec- 
tron is not present in that subshell until the 4f subshell 
has been saturated with 14 electrons. This gives rise 
to the first Rare Earth Series which is accordingly situ- 
ated between the first and second elements of the third 
Transition Series. In lanthanum the differentiating 
electron is the only electron located in the 5d subshell. 
In cerium, however, the differentiating electron is 
located in the 4f subshell and, for that matter, the ele- 
ments from cerium to lutetium (14 in number) progres- 
sively saturate the 4f subshell. In hafnium the dif- 
ferentiating electron is again to be found in the dd 
subshell. 

(4) In actinium the differentiating electron is located 
in the 6d subshell, but in the nine elements that follow, 
thorium to californium, the differentiating electrons are 
to be found in the Sf subshell, which gives rise to the 
second Rare Earth Series. 

The predominant criterion for defining either a 
Regular Element, a Transition Element, or a Rare 
Earth is thus the particular location of the differentiat- 
ing electron. In some cases uncertainty arises; copper, 
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with ten 3d electrons and one 4s electron is considered 
here a Regular Element rather than a Transition Ele- 
ment. Divalent copper, with nine 3d electrons, shares 
some of the properties of the Transition Elements, 
which is not true of monovalent copper, with its ten 3d 
electrons. Also, lanthanum should not be included 
with the Rare Earths, since it has no 4f electrons. The 
same is true of actinium with no $f electrons. 

The four pairs of elements, potassium and calcium, 
rubidium and strontium, cesium and barium, and 
francium and radium, behave abnormally as far as the 
electronic structure is concerned, in that they possess 
electrons in external shells while some of the internal 
subshells are completely empty. Each pair of elements 
forms by itself a short two-element row in the fourth, 
fifth, sixth, and seventh periods. 

The vertical column at the left of the table gives the 
order in which the different subshells are being filled up, 
and together with the line at the bottom of the table 
will permit one to obtain the electronic configuration of 
any element, except in the case of a few like chromium, 
palladium, and iridium which deviate somewhat from 
the general plan of electronic distribution in shells and 
subshells. 

Other advantages of the table are: 

(1) Each particular element, whether a Rare Earth 
or not, occupies a single place corresponding to its 
chemical individuality. 

(2) The eight principal groups constitute a single 
block of eight vertical columns. In this case, the im- 
portant historical feature of having vertical columns 
consist of similar elements is still maintained. Neither 
slanted, intercepting tie-lines nor other devices to point 
out similarities among elements are required. 

(3) Progressive similarities of the elements in both 
the columns (groups) and the rows (series) can be 
pointed out easily. 

(4) In the fourth, fifth, and sixth periods, which 
have more than eight elements, the fact is shown that 
the first two and the last eight elements of each period 
are the only elements whose properties are similar to 
those of the eight elements of the second and third 
periods. 

Note: The table can be further clarified by adopting 
the familiar concept of A and B families in the case of 
the first two groups (columns). 
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eo A CONSTANT-TEMPERATURE HEATER 


In work on the Ullmann reaction, difficulty was ex- 
perienced in maintaining reaction mixtures at a constant 
temperature of 200°, 220°, or 240°, over periods of 
several hours. Oil baths are messy, and they, as well 
as metal baths, render it difficult to observe what is 
proceeding in the reaction mixture: furthermore, the 
temperature cannot be kept constant. These draw- 
backs have been overcome by use of the apparatus dia- 
grammed. A liquid of the desired boiling point is 
boiled in the 50-ml. conical (or spherical) flask, A. 
The burner under A is adjusted so that the vapor of the 
liquid jackets the inner reaction tube, BD, but does not 
enter the side arm, C, of the jacketing tube; however, 
as a precaution, the side arm has an air condenser 
attached at C. The reaction mixture, at D, is stirred 
(thermometer removed) by means of a spiral of tan- 
talum wire attached by rubber tubing to the motor 
spindle. Boiling of the liquid in A is kept regular by 
use of a bubbler, Z.!_ Different flasks (A) were used 
for different liquids, and these, when out of use, were 
stoppered. The same sample was used repeatedly. 
Following is a list of readily available liquids which 
provide convenient heating temperatures above 100°. 


Heating-bath Liquids 


Approx. Liquid (b. p.) 
temp. 
130° Chlorobenzene (132-3 °) 
150° wn) (isopropylbenzene) (152-3°), bromobenzene 
1 ° 

175° ymene (176°) 

180° o-Dichlorobenzene (180°), aniline (184°) 

190° Decalin (cis + trans) (185-195°), monomethy] di- 
ethylene glycol (193°) 

200° Ethylene glycol (200°), methy] benzoate (200°) 

205° Tetralin (207°) 

210° Nitrobenzene (210°), ethyl benzoate (212°), 1,2,4- 
trichlorobenzene (213°) 

215° —— benzoate (218°), naphthalene (217°) 

220° Methy] salicylate (223°) 

230° n-Propyl benzoate (231°), monobuty] diethylene 
glycol (231°) 

240° Diethylene glycol (244°) 

250° n-Buty] benzoate (250°) 

255° Dipheny] (255°) 

260° Isoamy] benzoate (262°), dipheny] ether (259°) 

280° Dimethy] phthalate (282°) 

295° Diethy] phthalate (296°) ; 

300° Diphenylamine (302°), benzophenone (305°) 

310-5° Phenyl benzoate (314°), benzyl benzoate (316°) 


The above-described apparatus, with a still head 
fitted at C, can function as a Hahn? condenser. 


1J. Cuem. Epuc., 26, 546 (1949). 
? Haun, A., Ber., 43, 420 (1910). See also Arnot, F., Org. 
(ea 20, 27 (1940); Wups, A. L., Org. Reactions, 2, 197 
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10-16 cm. 


The author has also used the simplified version of the 
above heating apparatus, in which the inner tube, BD, 
is inserted through the middle neck of a 3-necked flask; 
but this modification has been recently described.* 
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e AN ~*AID TO TEACHING ELECTRONIC THEORY 


A srrone analogy exists between triad tautomerism 
and the various electronic processes known as the 
electomeric effect; in fact the latter is usually said to 
occur by the “tautomeric mechanism,”! but the author 
is unaware of any detailed discussion of the analogy. 

This paper outlines the method used by the author in 
presenting the ideas of tautomerism and electronic 
theory to technical-school students. It utilizes a 
generalization which may be described as the ‘““X—Y—Z 
rule,”’ and which may be stated thus: 

If a molecule contains the grouping X==-Y—Z, where 
X, Y, and Z are elements from Groups IV, V, or VI of 
the periodic table (Z may also come from Group VII, 
and X, Y, and Z may be all alike, or different), and if 
attached to Z there is one of the following: 


(a) a hydrogen atom 

(b) an unshared pair of electrons 
(c) a single unshared electron 
(d) a positive charge 


then it may be expected that the “substituent” on Z 
(a, b, c, or d) will have a tendency to move reversibly to 
X, with bond rearrangement to X—Y=Z, as shown 
below in detail for each case. 


CASE (a): X=Y—Z—H = H—X—Y=Z 


This is the normal case of triad prototropy.?. A few 
examples are given, the X—Y—Z—H grouping being 
shown in boldface type for clarity. 


CH;—C—C—C—OEt — CH;—C 

ll 

Oo O H O 
Acetoacetic ester 

H 
NH,—C—NH = NH.—C=NH 

ll 


—H 
Thiourea 


Vitamin C (ascorbic acid) 


Another characteristic of this system is acidity of the 


1 Remick, A. E., ‘Electronic Interpretations of Organic Chem- 
istry,’’ John Wiley & Sons, Inc., New York, 1947, p. 62. 

2 Gruman, H., Editor, “Organic Chemistry,” 2nd ed., John 
Wiley & Sons, Inc., New York, 1947, p. 1937. 
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hydrogen (salt formation with metals or metal hy- 
droxides), or at least greater reactivity of the hydrogen 
than is shown by a hydrogen not so situated. 


Examples 
(1) Acidic hydrogen 
O=N—O—H 


Nitrous acid 


Carboxylic acids Phenols 

2 
\ =0 
Sow” 

re) H 

Barbituric acid 


O=C—N—C=0 
Imides (soluble in alkali) 


(2) Reactive hydrogen 
H OC.H; 
O=C—C—C=0 


Malonic ester 


H 


oO 
R—C—N=0O 


Nitroparaffins (primary and secondary ) a-Picoline 
H R H R 


+ > r¢-¢_c=0 


H du 
Aldehydes (aldol condensation ) 


The student is first introduced to the X=Y—Z rule in 
connection with the greater acidity of acids and phenols 
compared to alcohols. Thereafter little difficulty is 
experienced in recognizing the grouping when present 
in a new compound, and the student readily appreciates 
the reactivity of the hydrogen atoms in examples (2) 
above. 

Cases (0), (c), and (d) constitute the three possible 
types of electronic rearrangement considered in the 
usual “valence bond” treatment of resonance, when 
writing down “canonical forms” of a structure. (The 
purely hypothetical nature of “canonical forms’’ is 
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stressed in this treatment as usual.) These cases are 
discussed only after the student has become quite 
familiar with the application of the X—Y—Z rule to 
tautomerism. 


CASE (6): X=Y—Z:= --X—Y=Zt 


It must be noted here that X always gains one nega- 
tive charge and Z always loses one negative charge, 
while the polarity of Y is unchanged. This is first 
stated dogmatically, but is easily verified from a con- 
sideration of the number of electrons associated with 
each atom in each of the above structures. (Note: X 
may be positive originally, or Z may be negative.) 
Examples 

(1) Positively charged X 


NH, NH, 
+ ee 
The guanidine ion 
H, 
+ 
The acetamidine ion 
(2) Negatively charged Z 
The nitro group 
R 
The carboxylate ion 


(3) X and Z uncharged. Examples are benzene 
derivatives such as: 


‘Cl: :O—H H—N—H 


in which the atom attached to the ring possesses an 
unshared pair of electrons. Thus: 


‘Cl: + 


A repetition of the process, going around the ring, gives 


+ 


and, similarly, 
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This example shows that no negative charge is possible 
on the meta carbon atoms. The discussion of orienta. 
tion in aromatic substitution is one of the most usefyl 
applications of the X—Y—Z rule, being more easily 
grasped by students than the usual “curved arrow’ 
method of indicating electron shifts. 

It may be noted here that the unshared pair of elec. 
trons has a lower reactivity than usual (7. e., a smaller 
tendency to form coordinate bonds), as is shown by the 
weaker basic strength of aniline 


O™ 


and of amides 


compared to aliphatic amines. 
CASE (c): 


The commonest example is provided by the stable 
aromatic free radicals, e. g., triphenylmethy] 


X=Y—Z- -X—Y=Z 


CASE (d): X=Y—Z+ = *X—Y=Z 


In this case X gains one positive charge, and Z loses 
one positive charge; again this is easily verified by con- 
sidering the number of electrons associated with each 
atom in each of the “canonical forms.’ 

This ease should be preceded by a discussion of the 
relative electronegativities* of the elements; this is 
usually done in connection with the discussion of dipole 
moments and the inductive effect. (For any period of 
the periodic table, the electronegativity of an element, 
7. €., its attraction for electrons, increases with atomic 
number.) 


Examples 


or 


H—C=—0O 
or 


Benzaldehyde 
3 Remick, A. E., op. cit., pp. 26, 144. 
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Here the carbon atom attached to the ring possesses 
no unshared electrons, but is linked to an oxygen atom, 
which has a greater electronegativity; therefore the 
carbony] group is polarized as shown above. If com- 
plete polarization of the carbonyl group is assumed to 
occur (on the demand of the attacking reagent), giving 
the “structure” 


H—C_o- 


the positive charge on the carbon can then move as 
postulated above, producing 


and, by a repetition of the process, the following: 


+ 


+ 


The other meta directing groups, R--C—O, COOH, 
NO:, CN, ete., can be treated similarly. 
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In all instances the application of the X—Y—Z rule 
is not permitted to negate the “octet rule,” e. g., the 


anilinium ion, 
+ 


possesses the X—=Y—Z* structure, but obviously cannot 
rearrange to 


| ete. 
+ 


without giving the nitrogen ten shared electrons. 

It should be noted that tautomerism, as discussed in 
case (a), can be treated as a combination of case (b) or 
(d) plus movement of an ion to follow the negative or 
positive charge, respectively.‘ 

The examples given in this paper are illustrative of a 
method for providing students with a simple entry into 
electronic theory, based directly on the analogy between 
it and tautomerism. 
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4 Baker, J. W., ‘““Tautomerism,” D. Van Nostrand Co., New 
York, 1934. 


TRADITIONALLY, we have looked to the universities for the advancement of knowledge, and we 
depend upon them largely for all research into the fundamentals of science. To industry falls 
the task of applying new knowledge to useful ends and of furthering research and development 
focused on new materials, processes, and products....Government encourages research of all 
kinds with a view to development of new weapons and supports a variety of investigations in such 
fields as agriculture and public health. But all this chain of obligations hangs upon fundamental 
research, and the future vitality of countless enterprises depends upon the soundness of our 


national effort in this domain. 


The responsibility for the support of basic science cannot be 


delegated wholly to the university; it must be shared by industry and government, by business 
and by the public at large.—Julius A. Stratton, Massachusetts Institute of Technology. 
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* THE REACTIVITY OF SOLIDS' 


We xnow that matter exists in three states: solid, 
liquid, and gaseous. It is a characteristic of the solid 
state that the atoms are placed so close together that 
the linking forces prevent them from moving from one 
position to another. They only oscillate in positions of 
symmetry characteristic of the substance in question. 
The interior ‘‘architecture’’ of the crystal build, the so- 
called lattice, also determines the exterior shape of the 
crystals. 

In liquids or melts, and particularly in gases, the 
distances between the atoms are so large and the mutual 
attraction consequently so small that movement can 
take the form of real migration of the atoms. 

Every chemical reaction requires such a transport of 
matter. Evidently, reactions will therefore occur far 
easier in liquids and gases than in solids. 
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—o—+—Cristobalite+ Cac 
—*—x—Cristobalite, Q24 Fe,0,+CaC0, 


Figure 1 


For a long time the chemistry of solids remained a 
blank spot on the chemical map. Modern investiga- 
tions, however, showed that the chemical sterility of 
crystals was overaccentuated. 

It is characteristic for almost every solid substance 
that a change of its crystal lattice takes place at a 
certain temperature, peculiar to that particular sub- 
stance. A process such as this is of course impossible 
without changes in the positions of the atoms. A 
transport of matter consequently exists in such so-called 
transition states, which therefore should be favorable 
for chemical reaction with surrounding media. 

This was the working hypothesis of the first experi- 
ments to determine if solids in such states of mobility 


} Hepvaut, J. A., ‘“Reaktionsfahigkeit fester Stoffe,’”’ Edward 
Brothers, Ann Arbor, 1943; ‘Einfiihrung in die Festkérper- 
chemie,” Vieweg u. Sohn, Braunschweig, Germany, 1952. 
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would prove reasonably reactive—perhaps even in mix- 
tures with other solids. If so, it would mean the 
existence of reactions in powders, reactions that were 
still unknown or misinterpreted at the beginning of this 
century. When systematic investigations started 
(1912) X-rays had not yet shed their light on the 
shrouded darkness of crystal structure. 

The aforementioned idea about the reactivity of 
solids in transition states involves a simplification of 
the problem according to modern views, but it proved 
highly fruitful. In contemporary industrial practice 
powder reactions play a very important part and are 
capable of numerous applications. For instance in 
the manufacture of cement, glass, and porcelain, and 
in metallurgical processes, such factors influence re- 
actions occurring at high temperatures. 

Powder metallurgy and the manufacture of a great 
number of modern ceramic products (cermets, refrac- 
tories, spinels, etc.) used for chemical and electrical 
apparatus, depend on the possibility of sintering or 
other reactions in the absence of melts or gases. 

About 40 years ago the first paper was published 
establishing the possibility of reactions in powder mix- 
tures of oxides. Pigments, used in ceramic processes, 
were produced by this method. 

Even in these early experiments it was evident that 
the structure and origin of the starting material 
seriously influenced the reactivity. A few years after 
the enigma of X-rays had been solved by Laue, an X-ray 
investigation of the well-known Swedish Red Pigment 
showed that the ferric oxide does not attain its full luster 
unless it is made from iron sulfate. It was shown that 
such effects depend on small but significant disturbances 
of the crystal structure which are a kind of hereditary 
characteristic persisting from the starting material. 

Such imperfections are highly interesting even from 
the technical point of view, as they can be caused or 
prevented deliberately. The physicochemical behavior 
of a solid toward surrounding media, whether solid, 
liquid or gaseous, can consequently be controlled. 
Abnormal dislocations in the structure of the crystal 
may influence reactivity. 

Changes of this kind are now well known for their 
widespread practical importance. For one thing, there 
is the problem of attack by melts on furnace material; 
the latter must not consist of substances that change 
their structure at the temperature of the processes in 
which they are used. On the other hand there is the 
use of the increased reactivity in such states in order to 
accelerate reactions in powder mixtures. These re- 
actions are extensively employed in industrial practice. 
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Compounds of the spinel type between various oxides 
and their solid solutions are nowadays important sub- 
stances for production of devices for television, radar, 
and jet planes. 

It has also been demonstrated that even extremely 
small additions of foreign substances may decisively 
influence the chemical properties of non-metallic sub- 
stances. Such influences explain  old-established 
experiences in metallurgical practice, where it is fre- 
quently observed that ores of different origin behave 
quite differently in spite of practically identical com- 
position (see Figure 1). 

The changes caused by gases dissolved in solids may 
by cited in this connection. There are a number of old 
experiences in metallurgical, ceramic, and glass furnace 
production concerning the influence of even such kiln 
atmospheres which cannot participate in chemical re- 
actions. Quartz, ferric oxide, and alumina, for in- 
stance, show enormous difference in reactivity and 
sintering capacity in nitrogen and in oxygen (see 
Figure 2). The significance of these results for catalytic 
processes, powder metallurgy, powder ceramic proc- 
esses, and annealing technique is quite clear. 

A phenomenon of considerable economic consequence 
for the metallurgical industries (e. g., regarding molds 
for steel castings and furnace bottoms) is the part 
played by the particle shape and the grain-size distri- 
bution with reference to the adherence of melts or 
stiffening castings. Adherence is, of course, far from 
desirable, and it is possible to avert it through consider- 
ation of the aforementioned factors. 

Another discovery is that of a group of so far un- 
known reaction types—the so-called place-change re- 
actions. These reactions, e. g., between oxides and 


‘salts, sulfides, phosphides etc., take place at surpris- 


ingly low temperatures. 


AO + BXO, ~ AXO, + BO+Q 
AO + BX AX + BO+Q 
AO + BX + nO, + AXOm + BO + Q 


AO and BO are oxides, AX and BX halides, sulfides, 
phosphides, carbides, etc., AXO, and BXO, are salts of 
oxygen acids, Q is the development of reaction heat. 

Reactions of this type which may occur not only in 
powders but also between solids and melts, offer a more 
satisfactory explanation of several well-established 
metallurgical processes, e. g., the basic Bessemer process. 
Metallurgical methods for removing carbon, sulfur, 
phosphorus, silica, and selenium from metals are 
modern applications. 

There are at present several methods for studying 
changes in the lattice: by X-rays, measurements of 
electrical conductivity, and by means of radioisotopes, 
or observation of abrupt changes in the velocity of 
liberated radioactive gases (the Hahn emanation 
method). 

At a comparatively early date investigations were 
also made into the electrical conductivity of non- 
metallic solids. The results gave information about 
the type and mobility of the particles, and in certain 


cases also revealed the course of those reactions in the 
solid state in which the transport of matter is carried out 
by ions and electrons. 

The investigations have shown that the transport of 
matter may be carried out both by electrically charged 


£ 
0 1 
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Time in hours, 
Figure 2. Reactions at 600°C. Between CaO and SiO:2, Preheated in 
O> (1) and in Ne (2) 


atoms (ions) and by atom aggregates or surface mole- 
cules. The transport can take place by several routes, 
either rapidly at the surface or through interior sub- 
microscopic canals, or more slowly through the crystal 
lattice that has been more or less disturbed (see Figure 
3). Quite recently it was possible to verify experi- 
mentally the different stages or types of diffusion in a 
number of cases by means of radiotracers. 

Investigations of this type are one of our most press- 
ing tasks. The results are equally important from the 
point of view of both theory and practice. In modern 
industry it is impossible to content oneself merely with 
the knowledge that a reaction actually does take place. 
It is imperative to know also how and why and to know 
the material one is working with. 


Figure 3. Crystal Lattices (Bubble Models, Bragg) With and Without 
Imperfections 


Our survey would be too incomplete without mention- 
ing a few particularly exciting forays into the long-for- 
bidden territory that was the chemistry of solids. 

Chemists had previously varied only the temperature 
in order to influence the transport of matter. It was 
found, however, that changes in the magnetic and elec- 
tric states of the solids could also result in surprisingly 
large changes of reactivity. From the point of view of 
theory it may be said that entirely new realms of re- 
search were opened. The conceptions of magneto- 
chemistry and electrochemistry have been enlarged. 
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The results are already being used in certain branches 
of the metallurgical industry, catalytic processes, and 
electrotechniques. 

At about the same time it was shown that all sub- 
stances, not only those generally treated in photo- 
chemistry, have different properties in light and in 
darkness, and the discovery of this fact was another 
milestone on the road to a better understanding of the 
chemistry of solids. The first experiments were made 
with phosphorescent substances, and demonstrated 
their altered capacity of adsorbing such things as 
organic dyes when in a state of irradiation. The door 
to this new photochemical research darkroom is still 
only ajar, but the early results have already found 
applications in television and radar techniques (see 
Figure 4). 

The new types of magnetochemistry, electrochem- 
istry, and photochemistry, as well as the marked in- 
fluence of deviations from the normal composition on 
the adsorption capacity of a substance, are new and 
fascinating fields of theoretical and technical research. 


Lanasolgreen 
70% on ZnS(Ag) 
60- 
3 
regression of the 
¢40- activated adsorption 
in_the dark 


120 180 
time in minutes—> 
Figure 4. Regression of the Photo-activated Adsorption 


The effect of supersonic waves has also been studied, 
particularly with reference to the tarnishing of metals in 
reactive gases. An accelerated formation of surface 
coatings and more even distribution was established in 
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the case of oxide layers (see Figure 5). This can be 
exploited technically for procuring thin, insulating 
layers between the metal sheets in transformers. 


with irradiation 


without irradiation 


2 4 6 8 min 


Figure 5. Tarnishing of Copper in Iodine With and Without Supersonig 
Irradiation 


The possibility of altering, within wide limits, the 
behavior of solid substances towards surrounding 
media—solids, liquids, or gases—is nowadays an 
established fact—a fact which has grown into a highly 
important factor industrially as well as theoretically. 

Organic and medical chemistry will find applications 
in the fields of high-molecular substances. Organic 
substances have often very marked transition intervals, 
with consequently enhanced vulnerability or increased 
polymerization velocity, a fact which cannot leave the 
textile and plastics industries unmoved. 

We have now made a short trip through the hillocky 
terrain of this new domain of chemistry, pausing at some 
observation posts. The observation posts have been 
selected for the instructive view obtainable over both 
theory and applications. Every kind of industrial pro- 


duction is dependent on the behavior of solid substances’ 


toward surrounding media. Intimate collaboration 
between theoretical research and industrial application 
is a necessity. still not always accepted, for continued 
progress. 


© 


One of the latest synthetic products to be developed is 


“synthetic” gravel. 


The ingredients are soil, inexpensive chemi- 


cals, and sulfite liquor. The “gravel” is made in briquetting 
machines and offers promise for solving road building problems 


where natural gravel is scarce. 
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® A SCIENCE CLASS INVESTIGATES AN 
ADVERTISEMENT 


Onz of the perennial problems in education is to make 
science meaningful to the student in terms of his every- 
day experiences. This problem is particularly difficult 
in the case of a general education course for non-science 
majors. During the past few years the number of 
science courses for general education increased rapidly. 
These courses propose to give a broad understanding of 
the aims and methods of science, to illustrate the 
application of science to daily living, and to provide 
practice in scientific thinking. Although there is a 
diversity of educational philosophies and methods in 
science teaching (/), two objectives appear to be 
common to practically all programs of general educa- 
tion: (a) the understanding of the scientific method and 
the ability to use it; (b) the development of scientific 
attitudes and practice in their use. 

I challenged elsewhere (2) the operational validity of 
the so-called ‘‘steps’’ of the scientific method. I tried 
to bring out that (a) these steps could not be applied as 
a magic formula, (b) the evolving nature of science 
points to dynamic characteristics of its methods, (c) 
there were probably many methods of inquiry, and (d) 
there was no satisfactory all-inclusive definition to 
date. It has been my intention to stress the peda- 
gogical sterility which resulted from the oversimplifica- 
tion of what appears to be a highly complex series of 
processes. 

No one can survey the tremendous mushrooming of 
the sciences without realizing that there must be some- 
thing, some constellation of abilities, attitudes, and 
experiences which have been responsible for this growth. 
Now, one cannot quarrel with a logically constructed 
definition of the scientific method, but the real difficulty 
arises when one attempts to bring such a definition into 
a sharp operational focus in the classroom. To devise 
situations which will give the student “the point of view 
with which a scientist approaches his problems’’ (3), is a 
task which challenges the most able and experienced 
science teacher. 

It has been said that the average American does not 
understand science, but believes in it. Some advertis- 
ing men are keen enough psychologists to recognize and 
exploit the public’s faith in the objectivity of science and 
the integrity of scientists. In recent years there has 
been a veritable deluge of advertisements in which 
“science” and “scientists” are used to lend validity to 
the claimed superiority of the advertised product. 
Typical statements are: “Science discovers new easy 
way...”; “Science proves...’’; “New evidence proves 
...”; “...First to give you scientific facts in support. . .”’; 
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“An achievement of Science...’’; “These scientifically 
controlled tests revealed...”; ‘Famous independent 
laboratory proves. ...”” An examination of the so-called 
“evidence,” “facts,” or ‘‘tests’’ reveals either an appall- 
ing ignorance of science on the part of the advertising 
writer, or a most cynical attitude that often borders on 
the fraudulent. 

Many advertisements suggest ‘‘tests’’ to be carried 
out by the consumer. More often than not such 
“tests” are strongly biased and provide a perfect 
example of how not to carry out a scientific investiga- 
tion. I have found that some of these advertisements 
can be used effectively to teach the methodology of 
scientific research (4). With appropriate guidance, 
the “test”? can be developed by a science class into a 
research project that illustrates scientific methods and 
attitudes. The students’ activities include a critical 
reading of the advertisement, an analysis of the evidence 
presented in it, planning an experimental design for 
verifying the advertiser’s claim, collection and organiza- 
tion of data, drawing conclusions from the empirical 
results, and the recognition of their limitations. 


THE VEL ‘‘HAND-HEAT’’ TEST 


The manufacturers of the detergent Vel claim that its 
users will suffer ‘‘no detergent burn to hands.” News- 
paper advertisements and television commercials give 
directions for a “prove-it-yourself”’ test. To people 
with little background in science, the test appears to be 
reasonable; it is simple and quick; the consumer 
collects the data and makes the comparison with 
another detergent; a plausible explanation of the 
difference in heat feeling is provided by the use of the 
statement: contains no irritating alkalies.” How- 
ever, a person with the most limited training in scientific 
methodology would quickly recognize the glaring de- 
fects of the “test”’ procedure. The Vel advertisement 
seemed to me an ideal instructional device for testing 
the ability of students “to read and evaluate new 
articles and popular writing on scientific developments” 
(3), for relating classwork to a practical consumer 
problem, and for practice in the “ability to apply 
science knowledge to new problems and situations” (3). 

The Natural Science 5 class, consisting primarily of 
non-science majors in the arts college, completed the 
textbook chapters on Ionic Reactions, Acids, Bases, and 
Salts, and Chemical Energy (5). The class discussion 
was based on the questions at the end of the chapters, 
collateral reading (6), and lecture demonstrations. The 
electrical conductivity in electrolytic and nonelectro- 


641 


an be 
lating 
‘HAYM KRUGLAK 
, the | 
iding : 
an 
ighly | 
ly. | 
tions | 
yanic 
vals, 
vased 
the | 
ocky 
some 
been 
both 
pro- 
nces 
ition 
ition | 
nued 
|| 


lytic liquids, the electrolysis of copper bromide, 
common indicators, titration, reactions of silver ion with 
chloride ion solutions, and a few typical exothermic and 
endothermic reactions were demonstrated. In the 
laboratory the students tested a number of solutions 
by means of indicators, neutralized a sodium hydroxide 
solution with hydrochloric acid, titrated household 
vinegar, and computed its normality and percentage of 
acetic acid. 

When I was satisfied that the students had a fair 
understanding of the rudiments of the ionization theory, 
I read the Vel advertisement to the class. Most of the 
students had read the advertisement. in the newspapers, 
or seen the commercial on television. The following 
questions were then proposed: Is the Vel hand-heat 
test a satisfactory method for testing “detergent burn’’? 
Are there any serious shortcomings in the test, and if so, 
what are they? Is the evidence presented relevant to 
the hypothesis under investigation? If you have objec- 
tions to the Vel test procedure, how would you revise it? 

The merits and the deficiencies of the Vel test were 
discussed and a modified experimental procedure was 
developed. Motivation was at a very high level, and 
the students did not have to be prodded to offer 
criticisms and suggestions. The instructor acted as a 
moderator, now and then injecting additional questions 
and comments so as to clarify the meaning of such con- 
cepts as: hypothesis, experimental facts, objective 
evidence, observation, judgment, experimental bias, 
randomization, experimental error, etc. It was agreed 
that the Vel “hand-heat test’’ had some good features: 
(a) the consumer was urged to verify by actual trial the 
effect claimed in the advertisement; (b) the directions 
given for the test were simple and direct; (c) the reader 
was given the choice of the second detergent; (d) the 
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explanation of the observed effect appeared to be con- 
sistent with known facts about alkalies. The most 
serious objections to the test were: (a) the effect on the 
observer’s judgment caused by the knowledge of the 
results before the performance of the test; (b) the 
‘difference in the method of handling the detergents 
during the test and in home use; (c) the probability of 
always placing the control detergent in the left hand, 
as shown in the pictures illustrating the test. 

Upon suggestion from the instructor the class was 
willing to design and carry out an investigation that 
would tend to eliminate the obvious systematic errors of 
the Vel test. 

The factors to be investigated were discussed: sex 
differences, left-right hand sensitivity, day-to-day 
consistency of subject judgment on same detergents, 
heat effect from several detergents, day-to-day consist- 
ency of subject’s judgment on different detergents. 
The discussion of controls brought up a number of 
questions: How much detergent should be used? What 
should be the temperature of the water? How long a 
time should the detergents be allowed to be in contact 
with the hands? At what time of day should the test 
be carried out? Before or after washing the hands? 
Is it important to consider the surface temperature of 
the hands, particularly if one has just come in from the 
outdoors? Should the test be performed with the 
hands open, as shown in the advertisement, or should 
the hands be closed as demonstrated on television? 
How should the control detergents be selected, and how 
many of them be used? How much time should elapse 
between each comparison? 

The matter of keeping uniform records of the observa- 
tions was brought up and settled. Since the test 
interpretation was a matter of the observer’s judgment, 


Results of the Vel ‘‘Hand-Heat’’ Test 
Natural Science 5, University of Minnesota, March, 1953 
(All numbers are per cent of responses. B = boys, G = girls, 7 = total) 


Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8 
left: Vel left: Vel left: Vel left: Dreft left: Vel left: Dreft left: Dreft left: Breeze 
right: Vel right: Breeze right: Dreft right: Dreft right: Dreft right: Vel right: Breeze _—right: Vel 

I. HANDS OPEN (Boys: N = 23; Girls: N = 16) 
(a) In which hand(s) was 
Left 17 31 23 4 6 5 13 21 6 8 35 19 28 13 6 10 22 6 15 48 44 46 
Right 9 13 10 35 25 31 13 5 17 10 413 8 39 13 28 56 25 
Both 35 13 26 31 31 31 35 19 28 9 25 15 13 6 10 13 19 15 19 10 17 13 15 
Neither 39 44 41 31 37 33 39 56 65 69 67 48 63 54 35 63 46 17 31 35 44 39 
(b) Which hand felt most 
heat? 
Left 17 37 26 13 13 13 43 31 38 13 48 31 41 » © & 22 19 21 
Right 26 19 23 52 31 44 9 13 10 17 13 4 43 36 61 31 49 0 
No difference 56 44 51 35 56 44 48 56 51 78 81 79 48 63 54 48 69 56 17 31 43 44 44 
II. HANDS CLOSED (Boys: N = 23; Girls: N = 17) 
(a) In which hand(s) was 
Left 17 12 15 6 35 47 24 13 48 47 47 6 5 7. % 61 35 
Right 30 12 23 30 24 28 4 12 22 12 18 6 8 56 24 43 61 53 57 4 0 
Both 43 47 45 57 53 55 35 35 35 22 24 26 24 25 22 47 33 17 24 30 65 45 
52 41 48 17 24 20 17 24 4 18 10 4 0 


t 
Neither 9 29 18 9 18 13 26 66 «18 


(6) Which hand felt most 
heat? 


~ 


Left 26 35 30 17 24 20 56 65 
Right 39 24 33 66 41 55 9 12 10 
No difference 35 41 38 17 35 25 35 24 30 


9 29 18 70 59 65 13 24 18 22 6 15 a a | 4 
9 12 10 
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DECEMBER, 1953 


the criterion for accepting the significance of the differ- 
ence between the heat sensations was arbitrarily set at 
25 per cent of the observers reporting such a difference. 
There was a unanimous opinion that all the samples to 
be tested should be coded so that the observer would not 
know the names of the detergents until after the 
observations had been made and the conclusions 
reached. 

I went to the supermarket nearest the university 
campus and made a list of nine available detergents. 
The names of the detergents were alphabetized and 
numbered successively. Two detergents could not be 
used: one was a liquid, and the other was tinted. In 
addition to Vel, two detergents were selected by the use 
of a table of random numbers. A tablespoonful of a 
detergent was placed and sealed into each of 16 
envelopes, coded by me for testing order and hand to 
be used. Each student got a set of envelopes and a 
sheet summarizing the nature of the test and its design, 
giving the directions and providing a simplified scheme 
for recording the observations. The sheet is repro- 
duced below. 


(3) Vel did produce the sensation of heat at the 25 
per cent level of significance agreed upon at the time 
the experiment was set up. 

(4) There were substantial differences in the heat 
sensations of individuals with a corresponding reduc- 
tion in the confidence to be attached to the conclusions. 

(5) Vel produced more heat sensation than one of 
the comparison detergents (Dreft) and less than another 
(Breeze), thus invalidating the claim in the advertise- 
ment with respect to one of the two randomly selected 
detergents. 

(6) It was agreed that the above conclusions were 
subject to the limitations inherent in the small size of 
the sample population, its characteristics, and the large 
experimental errors inherent in this particular test 
situation. 

The students were then asked to suggest a more 
sensitive and conclusive procedure for checking the 
validity of the Vel hand-heat test. Among the sugges- 
tions made and discussed were: the use of a calorimeter, 
titration of a number of soap and detergent solutions, 
random selection of a larger population sample, better 


UNIVERSITY OF MINNESOTA 
Natural Science 5, Winter 1953 
HAND-HEAT TEST 


1. The purpose of the test is to compare the effect of 3 deter- 
gents. The procedure suggested by the manufacturer of one 
of the detergents will be used. 

2. Two of the detergents were selected at random from a list 
of 7. 

3. The 3 detergents were distributed into 16 envelopes according 
to the following scheme: 


4. The tests are to be performed at the rate of two per day: 
one in the morning and one in the evening. Each envelope 
contains one tablespoonful of a detergent, but not neces- 
sarily in the order given above. 

5. Directions: 

a. Dip hands in water at room temperature. 
b. Empty the two envelopes for a given test into each hand. 
It would be best to have someone help you. Close your 


Test numb eyes during the test. 
Hand 1 2 3 5 6 8 c. Keep your hands open for about '/2 minute. 
Left a b a a b a c b d. Close your hands firmly for another '/2 minute. 
Right b a b a b c a c e. Record your observations in the following table. 
(O) with hands open Test numb “ 
Reaction (C) with hands closed 1 2 3 4 5 6 7 8 

Circle hand or hands in which heat (O) LR LR LR LR LR LR LR LR 

was felt. (C) LR LR LR LR LR LR LR LR 
Circle the hand in which the heat (O) LR LR LR LR LR LR LR LR 

feeling was the greatest. (C) LR LR LR LR LR LR LR LR 


RESULTS 


Of the 45 students in the class, 40 returned the data 
sheets: 23 boys and 17 girls. The percentage of each 
type of response was computed and the results tabulated 
on the blackboard, as shown in the table. 

On the basis of the experimental results, the class 
arrived at the following tentative conclusions for the 
open-hand test: 

(1) There appeared to be no consistent difference 
between the responses of boys and girls. The hypoth- 
esis of no difference could probably be accepted. 

(2) The differences in heat sensitivity between the 
left and right hand were probably not significant for 
this test. 


control of the water temperature, and a number of 
others. Anticipating the suggestion to determine 
quantitatively the alkalinity of the detergents, I dis- 
solved 1 g. of each in 100 ml. of distilled water and had 
the pH determined with an aecurate meter. The 
resulting pH values were recorded on the blackboard: 
Breeze, 9.80; Vel, 7.05; Dreft, 7.0. Although the 
students in the class had little or no mathematical back- 
ground so that the exact definition of pH would not be 
meaningful to them, the concept of the hydrogen ion 
concentration was explained qualitatively and exempli- 
fied by giving the approximate pH values for a number 
of substances (7). By comparing the pH of Breeze 


with that of 0.01 N ammonia (10.6), the relatively low 
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alkalinity of the detergent producing an unmistakable 
heat sensation was demonstrated. 1 

The over-all conclusicn by the class of the Vel hand- 
heat test was that it did not demonstrate uniquely the 
superiority of the product. Since the heat of solution 
is not necessarily related to the concept of “detergent 
burn,” the suggested test was inappropriate for the 
test of the hypothesis stated in the advertisement. 
The reaction of the skin may or may not be the cause or 
the effect of any observed heat. Besides, the deter- 
gents tested were not used under normal laundry and 
kitchen conditions. The actual use of two detergents 
for equal periods of time, under the same conditions, 
and the examination of hands before and after the test 
period would yield more relevant data for the test of the 
hypothesis that “Vel helps you avoid rough, red 
hands—causes no ‘Detergent Burn.’ ”’ 

The analysis of the advertisement, the planning of the 
revised test, and the final discussion took two class 
periods. The total time spent by the students outside 
the class collecting their data was of the order of one 
hour. 


EVALUATION OF PROJECT 


I believe that the Vel hand-test provided the students 
with an illustration of a typical pseudo-scientific experi- 
ment. The revision of the test procedure, the observa- 
tion and recording of data, and the drawing of con- 
clusions undoubtedly provided the class with practice 
in applying scientific knowledge and methodology to an 
unfamiliar but real situation. I hope that the exercise 
demonstrated to the students ‘‘the understanding of 
the point of view with which a scientist approaches his 
problems and of the kinds of things that he does’ (3). 
The critical reading of the Vel advertisement was also 
planned to provide the students with some practice in 
the “ability to read and evaluate news articles and 
popular writing on scientific developments” (3). I 
believe that the methodology used by my natural 
science class paralleled the type of critical analysis in 
which scientists engage when they read the reports of 
each other’s work. 

From observations in class it appeared that most of 
the students made some sort of a contribution— 
voluntary or solicited—to the analysis and discussion, 
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the motivation was better than average, and the per. 
centage of returned data sheets was very high. Did the 
investigation leave the students with a permanent 
ability to apply scientific methodology and to display 
the scientific attitude? There are no valid paper-and- 
pencil tests that would give an answer. The future 
behavior of the students in similar situations will provide 
the only real evaluation of the instructional outcomes, 

Of course, not all advertisements distort the “‘scien- 
tific method,” or claim a product superiority on the basis 
of a non-existent principle. Thus, a recently advertised 
magnesium metal silver detarnisher was a good example 
of a correctly applied scientific generalization, and wag 
used by me to illustrate the electromotive series. The 
alert science teacher will find many examples of “right” 
and “wrong” science in the news and advertising 
sections of the popular press. The use of such items as 
sources of classroom discussions and projects provides 
not only stimulation to teacher but makes science more 
meaningful to the student as a consumer and enlight- 
ened citizen in a democratic society. 
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Stephen E. Merrill, Brunswick, Maine 


Tue 15th Summer Conference of the New England 
Association of Chemistry Teachers was held August 
24-29 at Bowdoin College, Brunswick, Maine, with John 
E. Cavelti, Allegheny College, and Guy F. Burrill, 
Keene High School, Keene, New Hampshire, as 
co-chairmen. James 8S. Coles, recently inaugurated 
as president of Bowdoin, welcomed the conference most 
cordially to the Brunswick campus and spoke briefly 
of difficulties students may expect to encounter in 
college as the result of a poor selection of preparatory 
courses in secondary schools. He recommended that 
pronising students be advised early in their school 
years to elect science courses, and particularly mathe- 
matics and foreign languages, to avoid learning too 
late that they may not elect many preprofessional cur- 
ricula upon admission to college without making up 
their deficiencies. 

There were 238 teachers and guests enrolled at the 


conference, of whom about two-thirds were from New 
England. Besides the New Englanders present, there 
were 28 from New York, 18 from Pennsylvania, ten 
from New Jersey, four from Maryland, three from 
Indiana, two each from Illinois, Ohio, and Wisconsin, 
and one from both California and Michigan. Besides 
these there were three from Montreal, Province of 
Quebec. The following have attended all 15 summer 
conferences: 


Mr. and Mrs. Grover C. Greenwood, Harding High 
School, Bridgeport, Connecticut. 

Mr. and Mrs. 8. Walter Hoyt, Boston Technical High 
School, Boston, Massachusetts (retired). 

Mr. Alfred R. Lincoln, Western Massachusetts School 
of Pharmacy, Willimansett, Massachusetts. 

Miss Evelyn L. Murdock, Stonington High School, 
Stonington, Connecticut. 
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Miss Elsie 8. Scott, Northfield School for Girls, North- 
field, Massachusetts. 

Dr. John R. Suydam, St. Mark’s School, Southboro, 
Massachusetts (retired). 

Mr. Elbert C. Weaver, Phillips Academy, Andover, 
Massachusetts. 


In addition to the program of addresses by speakers 
from colleges and chemical companies, several round 
tables were held under the leadership of four members 
of the conference: “Ionic Theory,’’ William B. Mel- 
drum, Haverford College; ‘Atomic Structure and Va- 
lence,’ John A. Timm, Simmons College; “‘s, p, d, f Elec- 
trons and the Periodic Table,’’ William F. Kieffer, 
College of Wooster, and Edward L. Haenisch, Wabash 
College. 

The new Parker Cleaveland Chemistry Hall at Bow- 
doin was ideal to house the conference, to display the 
apparatus and book exhibits, to show the motion 
pictures, and to provide meeting rooms for the round 
tables. The exhibits were arranged by a committee 
under the chairmanship of Paul F. Davis, Bellows 
Falls High School, Bellows Falls, Vermont, and the 
motion picture and other visual aids under the chair- 
manship of Carl P. Swinnerton, Pomfret School, Pom- 
fret, Connecticut. The “Down East’’ clambake (with 
lobster) was held on Wednesday, and following this, 
Ralph E. Keirstead, Bulkeley High School, Hartford, 
Connecticut, showed colored slides taken on his 18,000 
mile trip to search out the natural resources of the 
United States, made as part of his Ford Foundation 
fellowship project. 

Particularly memorable were the Tuesday evening 
illustrated lecture on ‘‘New Hampshire Wild Life’”’ 
presented by Uel Gardner, of the New Hampshire 
State Fish and Game Department, and the Thursday 
evening report on a “Chemical Murder Case” by Otto 
Eisenchiml, Scientific Oil Compounding Company, 
Chicago, Illinois. 

The social hours that followed the evening meetings, 
held in the beautiful and spacious Moulton Union Hall, 
were arranged under the chairmanship of Louise O. C. 
Swenson, English High School, Lynn, Massachusetts, 
and included a “Twisted Whist Party” and a “College 
Whist Party.’”’ John A. Timm brought up wire re- 
cordings of the Berkshire Music Festival to provide 
background music for the social hours. 


ADJOURNED ANNUAL MEETING, AUGUST 28, 1953 


The adjourned annual meeting of the NEACT was 
reconvened at 11:00 a.m. by the President, Dorothy 


W. Gifford. 
The Treasurer’s report was presented. An abridged 


statement follows: 


$1385.24 
1216.34 


$168.90 


New balance, June 30, 1953.....................4. 
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The deficit will be made up in part by transfer of 
earnings of the Endowment Fund to the general treas- 
ury. These amount to $94.99. 

Leallyn B. Clapp, Secretary, presented the report of 
the Membership Committee. 

Members who joined since the May Meeting: 


Rev. Brother Marinus, CFX, Principal, Mission High School, 
Roxbury, Massachusetts. 

Edward L. Haenisch, Chairman, Chemistry Department, Wabash 
College, Crawfordsville, Indiana. 

Walter A. Moyer, Jr., Assistant Professor of Chemistry, Middle- 
bury College, Middlebury, Vermont. 

Carleton S. Spear, Chairman, Department of Science, New 
Rochelle High School, New Rochelle, New York. 

Harold B. Sturtevant, Instructor, Textile Division, Rhode 
Island School of Design, Providence, Rhode Island. 

George E. Zink, Teacher of Chemistry, Groton School, Groton, 
Massachusetts. 


Members who joined at the Summer Conference: 


John W. Beamesderfer, Head of Chemistry Department, Univer- 
sity of Maine, Orono, Maine. 

Russell W. Bennett, Fisher Scientific Company representative, 
Lexington, Massachusetts. 

Raymend A. Bournique, Assistant Professor of Chemistry, 
Bowdoin College, Brunswick, Maine. 

Ethel H. Dodge (Mrs. Edward), Head, Science Department, 
Albany Academy for Girls, Albany, New York. 

Irwin H. Gawley, Jr., Chairman, Science Department, Tenafly 
High School, Tenafly, New Jersey. 

John J. Kassay, Head, Science Department, Gardiner High 
School, Gardiner, Maine. 

Richard W. Kunemund, Teacher of Physics, Bergan Field, New 
Jersey. 

K. G. Stone, Associate Professor of Chemistry, Michigan State 
College, East Lansing, Michigan. 

James L. Wolfhagen, Assistant Professor of Chemistry, University 
of Maine, Orono, Maine. 


Summing up of membership for the year 1952-53 
and through the Summer Conference: 


Membership 
Dropped for non-payment of dues...................... 16 
New members 
At Bammer Conference. 9 


It was moved that a letter of appreciation be sent 
to all the chemistry staff of the Massachusetts College 
of Pharmacy for their indispensable aid in sending out 
the Newsletter. The motion passed without dissent. 

President Dorothy W. Gifford presented honorary 
membership certificates to Ralph E. Keirstead, John R. 
Suydam, and Elbert C. Weaver in recognition of their 
value to the Association as recorded in the citations at 
the May 9th meeting. 

President Gifford announced that the University of 
Massachusetts had renewed its invitation (which had 
to be withdrawn for 1953) and that the 16th Summer 
Conference would be held on the Amherst, Massachu- 
setts, campus of that institution. New dormitory and 
cafeteria facilities have now made it possible for the 
conference to be held there. Robert D. Eddy, Tufts 


@ 


tt 


- 
q 
C 
m 
i 
ti 
cl 
tr 
N 
TEN 
@ 
< 


TION 


fer of 
treas- 


ort of 


chool, 
abash 
iddle- 

New 
thode 
‘oton, 


liver- 
itive, 
stry, 
nent, 
nafly 
High 
New 


DECEMBER, 1953 


College, Medford, Massachusetts, will serve as Chair- 
man, and Edward L. Haenisch, Wabash College, Craw- 
fordsville, Indiana, as Program Chairman. 

The Secretary was instructed to express our apprecia- 
tion to Bowdoin for their hospitality. 

The Secretary was also instructed to send a cable- 
gram to John Cavelti, Visiting Professor at the Univer- 
sity of Hawaii, to express our appreciation of his diffi- 
cult task as chairman of the conference by remote con- 


trol. 
NEACT MEETINGS SCHEDULED FOR 1953-54 


The following meeting places and dates have been 
set for the divisional meetings by the Executive Com- 
mittee: 
272nd meeting, October 10, 1953, Spaulding High School, 

Rochester, New Hampshire. 
273rd meeting, December 5, 1953, Brandeis University, Wal- 

tham, Massachusetts. 
274th meeting, February 13, 1954, East Providence High School, 

East Providence, Rhode Island. 
275th meeting, April 17, 1954, Avon Old Farms, Avon, Connecti- 

cut. 
276th meeting, May 15, 1954, Emmanuel College, Boston, Massa- 

chusetts. 


LEALLYN B. 
Secretary 
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NECROLOGY 


CHARLES JERROLD INGALLS. The necrology committee regret- 


fully reports the death in May, 1953, of Charles J. Ingalls of 
Hartford, Connecticut, a chemistry teacher at Bulkeley High 
School, Hartford, prior to his retirement because of ill health 
late in 1952. Mr. Ingalls began teaching at Bulkeley High 
School in 1931, but served in the Navy in World War II as a 
lieutenant commander and was a member of the Naval Reserve, 
Aviation Volunteer Unit No. 2. 


Mr. Ingalls was a native of Colchester, Illinois, He was gradu- 


ated from Western Academy in 1922, from Western State Col- 
lege, Gunnison, Colorado, with the degree of B.Ed. in 1926, and 
from Columbia University with the degree of M.A. in 1931. Join- 
ing the NEACT in 1934, he was on the inactive list for many 
years while in the service, and became active again in 1949. 


PEerLEY Conant Vorer. Notice has been received of the 


death early in the summer of Perley Conant Voter of Middlebury 
College, Middlebury, Vermont. 


Members who attended the 
Summer Conference at Middlebury will recall the cordial wel- 
come given to the NEACT by Dr. Voter and his wife and the: 
generous hospitality accorded our members and their families on 
this occasion. 

After graduation from Bowdoin College with an A.B. degree 
in 1909, he received his master’s degree from Harvard Univer- 
sity in 1918, under Theodore W. Richards, and entered 
the chemistry department of Middlebury College, of which for 
many years he served as chairman. The premedical work in 
chemistry was his special interest. 


S. Water Hoyt 
Chairman, Necrology Committee 


To the Editor: 

I was very much interested in reading the paper 
“Aspects of isomerism and mesomerism. Part I,” 
by Dr. Richard L. Bent [rH1s JournaL, 30, 220-8 
(1953)]. I believe that the principles of the chemi- 
cal structural theory deserve to be plainly stated 
and its concepts clearly defined in view of the recent 
criticisms of the theory of resonance in the U.S.S.R. 
and elsewhere. However, articles such as the one re- 
ferred to above do not help us very much since they 
contain certain misconceptions and inconsistencies. I 
will give some examples of the inconsistencies to be 
found in Dr. Bent’s paper: 

(1) On page 224 it is stated that, “A molecule like 
benzene does not possess one electronic structure part 


4 


of the time and another structure (or structures) the 
rest of the time.’”’ And further, “It is unfortunate that 
the term resonance is likely to give one the erroneous 
idea that some kind of a ‘mechanical’ oscillation is in- 
volved.”’ However, on page 225 there is the following 
statement: “A mathematical treatment of the problem 
(the molecule Hz) has shown that the electrons, while 
moving about both nuclei, spend the large part of the 
time between the nuclei...” Also, on page 226 the 
author says that “.. .the electrons spend the large part 
of the time between the nuclei.” 

It seems, therefore, that there is a mechanical oscilla- 
tion of electrons in a resonating covalent bond, whereas 
such oscillation does not occur in a resonating system of 
conjugated bonds. 

(2) On page 226 we learn that, ‘The greater the 
ionic contribution to the actual state of the bond the 
greater will be the resonance, and the greater the 
strength of the bond.’”’ The very next sentence how- 
ever reads as follows: “If the ionic contribution to a 
bond were exactly equal to the covalent contribution 
the resonance interaction and the resultant strength of 
the bond would be at a maximum.” 

(3) On page 226 it is assumed that the strength of a 
hybrid bond depends on the number of resonating 
structures. This view, which is shared by many 
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authoritative accounts of the theory of resonance, is a 
misconception which should be abandoned. Actually 
the strength of a bond depends on the interaction 
between the resonating structures [Dewar, M. J. S., 
AND H. C. Loneuet-Hiaarns, Proc. Roy. Soc., A-214, 
482 (1952) ]. 

Because of the many advantages of the molecular 
orbital theory over the resonance theory it is very 
likely that the former will eventually supplant the 
latter even in elementary courses. Why not begin the 
change now, following the path opened by C. R. Noller 
in his “Chemistry of organic compounds” (also THIs 
JOURNAL, 27, 504 (1950))? 


RicarRDO DE CARVALHO FERREIRA 


UNIVERSIDADE DO RECIFE 
PERNAMBUCO, BRAZIL 


To the Editor: 


I appreciate Dr. de Carvalho Ferreira’s interest in 
the paper on “Aspects of isomerism and mesomerism,” 
and will attempt to answer each point raised in order. 

(1) The author is, of course, painfully aware of the 
inadequacy of a qualitative (and brief) treatment of a 
highly mathematical subject, but unfortunately many 
of the mathematical ideas involved have not yet been 
translated into simple language. 

My remarks concerning the hydrogen molecule were 
not intended to be interpreted as implying an oscilla- 
tion between different electronic structures. After 
bond formation, the two electrons are, of course, in 
motion about both nuclei but the motion is not uniform 
so that a “piling up” of negative charge occurs between 
the two positive nuclei, resulting in a strong electro- 
staticattraction between opposite charges and in a stable 
molecule. Presumably such a “time-averaged”’ picture 
can be regarded as the “intermediate’’ electronic state 
(see Kere.aar, J. A. A., “Chemical Constitution,” pp. 
143 ff., for a recent discussion of the problem). 

(2) Perhaps it should have been worded differently, 
as follows: 

If, for example, the extreme covalent structure has 
the same bond-energy value as the extreme ionic struc- 
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ture then the two structures can be regarded as con. 
tributing equally to the “intermediate” electronicstateof 
the molecule. The actual bond energy of such a mole. 
cule is greater than the bond energy for either struc. 
ture alone, the gain being called the resonance energy of 
interaction. In such cases the resonance interaction 
will be at a maximum because if either of the extreme 
structures had a greater or smaller bond energy value 
than the other, the resonance energy of interaction 
would be smaller (see Paunine, L., “Nature of the 
Chemical Bond,”’ p. 35). 

(3) The conventional treatment of the subject was 
followed. While no theoretical significance was in- 
tended, it does appear that the concept of the reso- 
nance energy depending upon the number of contrib- 
uting structures (of reasonable stability) is a useful 
rule of thumb. 

I agree with Dr. Ferreira that the molecular orbital 
theory offers a number of advantages and that it should 
be incorporated into even elementary courses and texts. 
Nevertheless, I am convinced that the convenience and 
great simplicity of the resonance theory “language” is 
such that it will not readily be abandoned (even though 
it has often been misused in the past). Coulson, who 
has made noteworthy contributions to molecular orbi- 
tal theory, has this to say in the preface of his recent 
book, “Valence’’: 

“* , .@ serious attempt has been made to use both of 
the two main competing theories, usually known as the 
molecular-orbital and valence-bond methods. Both 
are approximations, whose range of validity is now 
sufficiently understood for us to recognize the folly of 
trusting to either alone.” 

Dr. J. Figueras, of these Laboratories, has pointed out 
in connection with Part III that the author was a little 
hasty in stating that no optically active compounds 
were known which involved a type of asymmetry 
brought about by deuterium alone. Thus, compounds 
such as a-deuteroethylbenzene and 3-deutero-trans-p- 
menthane have been shown to be optically active (see J. 
Am. Chem. Soc., 72, 3796 (1950) and references given 
there). 

L. BENT 


EastMAN Kopak CoMPANY 
Rocuester, New York 
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e BASIC COLLEGE CHEMISTRY 


Joseph A. Babor, Professor of Chemistry, College of the City of 
New York. Second edition. Thomas Y. Crowell Co., New York, 
1953. xvii + 766 pp. Illustrated. 15 22.5 cm. $5. 


Tue second edition of this popular text continues to feature 
the use of a long-type periodic table as modified by the author. 
In revising the book, the author states that he has tried ‘to 
maintain a suitable balance between the fundamental principles 
of physical chemistry essential to an elementary treatment of 
chemistry” and his stated purpose “‘to teach the chemistry of the 
elements and their compounds, the chemical reactions and the 
equations expressing the mechanisms of the changes, the qualita- 
tive relations and, above all, the explanation of the why and how 
of chemical reactions.” 

Accordingly, after presenting some general introductory 
material, the basic concepts of atomic structure and the periodic 
table are introduced in Chapters 3 and 4, followed by a chapter on 
the gaseous state, before the first of the elements, oxygen and 
hydrogen, are presented. In the first half of the book, which 
would probably constitute the work of the first semester, approxi- 
mately two-thirds of the chapters are devoted to chemical princi- 
ples. Of the 43 chapters in the text, 16 deal chiefly with chemical 
principles. 

The author presents the material of the text in a thorough, 
orderly way with well selected study questions and numerical 
problems with their answers at the end of the chapters. A 
supplemental reading list at the end of each chapter gives 
numerous references to books and journal articles, including many 
to THIS JOURNAL. However, the tities of the articles are not in- 
cluded nor is there identification with any specific topic in the 
chapter. 

One of the distinctive features of the text is the consistent use 
of the hydronium ion, H;0*, in place of the hydrogen ion. In the 
treatment of hydrolysis, cations are written in the hydrated form 
such as Al(H,O),;OH+*. He goes even further to explain that a 
solution of sodium carbonate is basic because the carbonate ion 
is stronger as a base than the hydrated sodium ion is as an acid. 
The explanation of the neutrality of a solution of sodium chloride 
states that the hydrated sodium ion, Na(H:O),*, is very weak as 
an acid and the chloride ion is very weak as a base producing 
equal concentrations of H;O* and OH~. The author goes 
further to write the reactions of water with the chloride ion as: 


H:O + Cl- = HCl + OH- 


Later in the book, even solubility product is introduced with the 
reaction of silver chloride with water: 


Ag*Cl~ + (x + y)H:O = Ag(H20)z* + Cl(H20)y~ 


although the hydrated formula is not use1 when the solubility 
product is written. 

Some of the explanations used in the book seem involved and 
possibly confusing for a beginning course. For example, an 
explanation of the principles of rate of reaction presents illustra- 
tions of 16 possible ways in which ‘‘one molecule of B can combine 
with two molecules of A, assuming that there are present 1 mole 
of B and 4 moles of A.”’ 

In the explanation of the theory of the hydrogen electrode, the 
book states that the platinum electrode ‘“‘activates’’ the hydrogen, 
transforming it into atomic hydrogen which gives up an electron 
to the metal and combines with a molecule of water to form a 
hydronium ion, 


Although mercurous chloride is written as Hg2Cl., the cuprous 
ion is written as Cut, and cuprous iodide as CuI. Also in the 
section on hydrogen fluoride, although the association of hydrogen 
fluoride is pointed out, the formula H2F: is used consistently for 
its formula both as the gas and in solution, with the explanation 
that “since salts of the type NaHF: are known, we frequently use 
the formula HF: for hydrofluoric acid.”” No mention is made of 
the ring form of association, H¢F¢, in which HF can exist. 

For those who have used the first edition of this text, the 
second edition will be welcome, with its inclusion of the recent 
developments in the chemical field and the “latest methods for 
obtaining bromine, magnesium and other important metals, 
silicones, rubber, atomic transformation, atomic energy and the 
atomic bomb.” Those who are not familiar with the book will 
find that the author has given much thought to the orderly 
presentation of the chemistry of the elements, their compounds, 
and to the principles relating to their behavior. Especially note- 
worthy are the appendixes at the end of the book which contain 
13 tables of useful information, a section on mathematical opera- 
tions, and a four place table of antilogarithms in addition to one 


of logarithms. 


L. REED BRANTLEY 


OcciDENTAL COLLEGE 
Los ANGELES, CALIFORNIA 


* THE ATOM STORY 


J. G. Feinberg. Foreword by Frederick Soddy. Philosophical 
Library, New York, 1953. vii + 243 pp. Illustrated. 14.5 x 22 
em. $4.75. 


Tue story is told of a diplomat who, when viewing a new-born 
baby for the first time, always remarked: ‘Well, that is a baby.”’ 
This flattered the mother, and at the same time other mothers, 
within earshot, didn’t complain: “Why, he didn’t say that about 
my baby.” 

Well, this is a book. What more could I say without offending 
the scores of other authors on this subject? 

To change metaphors, it is a blow-by-blow account of the bat- 
tle for the bomb. No details are spared by the ringside reporter, 
beginning with Anaxagoras and Democritus (Round 1), down 
through Dalton, Avogadro, Roentgen, the Curies, Soddy, Ruth- 
erford, C. T. R. Wilson, Moseley, Aston, Cockcroft and Walton, 
Hahn, Lawrence, Fermi, Frisch and Meitner, to the final knock- 
down blows (Round 10) at Alamogordo, Hiroshima, and Naga- 
saki. (The decision is yet to come.) The reporting is scientifi- 
cally accurate, much more so than in many similar popularizations 
of the atom bomb story. For this reason it is a good book for 
your better beginning students, for they will get the account 
straight, not garbled. They will also enjoy the book, because the 
author writes attractively; for example, page 126: ‘Conjecture, 
conjecture, conjecture! The Human Race yawned and tore the 
leaf marked 1938 from the calendar.” 

At least two chapters caught my fancy. One was a first-hand 
report by Sir John Cockcroft, himself, on his experiments with 
Walton in confirming E = mc?. This piece alone justifies the print- 
ing of the book. Let us hope it sets a pattern for later reporters 
in getting first-hand accounts from the discoverers themselves. 
Another chapter is entitled A Dissertation on Nuts (the tree vari- 
ety), a popular explanation: piles of walnuts, monkey nuts, fil- 
berts, different varieties, but all of the nuts weighing the same 
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(isobars); and, on the other hand, a single variety whose nuts 
weigh different amounts (isotopes). This could well be a chapter 
in every general chemistry textbook. (No, it wouldn’t drive 
your students nuts.) 

There are some 50 pages on the peacetime uses of atomic en- 
ergy and the nuclear reactor, but nothing new or startling is re- 
vealed: how could there be? And there are 14 pages entitled 
Survival under Atomic Attack reprinted from a pamphlet issued 
by the U. 8. Civil Defence (defense on this side of the Atlantic). 
The author might have quoted, as well, some passages from 
Hirschfelder’s ““The Effect of Atomic Weapons,”’ instead of lulling 
the people to a sense of false security on how easy it is to survive 
an atomic attack. 

Here is the work of an accurate scientist with a flair for good re- 
porting. If you still want to read more about the atomic story 
you will not waste your time reading this. 


HUBERT N. ALYEA 
PRINCETON UNIVERSITY 
PRINCETON, NEw JERSEY 


& SCIENCE MAGIC 


Kenneth M. Swezey. McGraw-Hill Book Co., Inc., New York, 
1952. x + 182 pp. Profusely illustrated. 15.5 X 23.5 cm. 
$3.75. 


Looxine for a good birthday present for your youngster? Or 
some extra-class assignments for your high-school geniuses? Here 
is the book for you. 

Most teachers are familiar with the author’s previous book 
“After Dinner Science”; this new volume is a companion piece, 
equally well done, equally exciting. Happily there is more sci- 
ence than magic in this collection, with clear photographs and a 
simple discussion of the scientific principle involved in each ex- 
periment. In fact, at times I wished the results were made less 
obvious; it would have been much more fun to have guessed 
what would happen. 

About 150 experiments run the gamut from scientific gadgets 

to magic, grouped under 17 headings such as Gravity and Bal- 
ance, Fluids in Motion, Fire and Heat, Seeing is Deceiving, and 
Scientific Sleuthing. Gadgets include a cosmic-ray detector, an 
electroscope, a barometer, rain-making by cloud-seeding, and 
tests for identifying plastics by their odor and flame-color on burn- 
ing. 
Not all of the experiments are ideal. I tried my best to drive 
a nail through a i-inch board (page 26) but ended up with sore 
fingers; and I am not inept with nails, either, having built my 
own house. Fortunately 30 per cent hydrogen peroxide is hard 
to come by, so not many youngsters will be exposed to the haz- 
ards of pages 6 and 7. With so scientific a gadget as the home- 
made barometer (page 53) a formal explanation of the effect of T 
and P on volume (1/760, 1/273, 0.36 mm. per degree) might have 
helped, together with the suggestion to calibrate the scale against 
a barometer or local weather reports. 

The author stumbled into a distorted truism when (page 12) he 
told how James Watt found what a strong dray horse could pull, 
added 50 per cent for good measure, and called that one horsepower; 
then (page 13) continues: ‘Oddly enough an average horse, per- 
forming average work, develops only ?/; horsepower!’’ Indeed! 

You will end up by doing some of the tricks yourself. 


HUBERT N. ALYEA 
PRINCETON UNIVERSITY 
Princeton, New JERSEY 
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THEORETICAL NUCLEAR PHYSICS 


John M. Blatt, Associate Professor of Physics, University of 
Illinois, and Victor F. Weisskopf, Professor of Physics, Massa. 
chusetts Institute of Technology. John Wiley & Sons, Inc., New 
xiv + 864 pp. Illustrated. 15.5 23.5 om, 


Tuts book is undoubtedly one of the most important to appear 
in the field of nuclear physics. It contains well over 800 pages 
and as implied by the title it is devoted almost in its entirety to 
the theory of nuclear processes. 

Despite the instances of brilliant achievement in explaining 
nuclear processes and predicting properties, nuclear theory in the 
main has its greatest breadth when applied on a semiempirical 
basis. Often a “first approximation’ explanation can be formy- 
lated on fundamental grounds for a particular process but mani- 
festly important operating laws are unknown since the theory 
cannot account for easily discernible variations. The theory can 
be maintained in a dynamic state by building upon the fundamen- 
tal concepts with semiempirical correlations. 

The authors of this book have maintained the goal of remaining 
close to knowledge based on experiment, that is, they have re- 
frained from mathematical excursions, the results of which either 
cannot be checked or are known to be at variance with observa- 
tion. This feature of the book makes it particularly attractive 
to the experimentalist. On the other hand, nuclear fission is 
dealt with only briefly despite the large amount of empirical data 
because of the absence of a cohesive theory. 

This reviewer found the text clearly written, with a good choice 
of illustrative material, and not overburdened with mathematical 
development. The authors did not intend it to be light reading 
an‘ some familiarity with the language and concepts of quantum 
mecuanics is a prerequisite for understanding much of the ma- 
terial presented. 


I. PERLMAN 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


* ORGANIC REACTIONS. VOLUME VII 


Roger Adams, University of Illinois, Editor-in-Chief. John Wiley 
& Sons, Inc., New York, 1953. viii+440pp. Sltables. 15.5 x 
23.5cm. $9. 


Oraanic chemists will welcome cordially this latest volume ina 
series which now has achieved an international reputation for 
excellence. The scope and limitation of a number of important 
reactions have been effectively presented. 

The chapters are as follows: ‘The Pechmann reaction,” by 
Sethna and Phadke (58 pages); ‘The Skraup synthesis of 
quinolines,”’ by Manske and Kulka (40 pages); “Carbon-carbon 
alkylations with amines and ammonium salts,” by Brewster and 
Eliel (99 pages); ‘The von Braun cyanogen bromide reaction,” 
by Hageman (65 pages); “Hydrogenolysis of benzyl groups at- 
tached to oxygen, nitrogen, or sulfur,” by Hartung and Simonoff 
(64 pages); “The nitrosation of aliphatic carbon atoms,” by 
Touster (51 pages); and “Epoxidation and hydroxylation of 
ethylenic compounds with organic peracids,”’ by Swern (56 pages). 

The editors and contributors are to be congratulated for making 
available this invaluable book. 

HENRY GILMAN 

Iowa State 

Ames, Iowa 
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ANNUAL INDEX—JOURNAL OF CHEMICAL EDUCATION 


The annual index for Volume 30 of the JouRNAL oF CHEMICAL 
EpucatTIon is divided into several parts. Authors are listed in 
authors of articles, books reviewed, and letters 
The subject index includes both subjects and 


three sections: 
to the editor. 


Acton, Forman S. Analyzing straight line 
data 

ApsersoLp, Paut C., anp Epwin A. WIGGIiN. 
The scope and future of isotope utiliza- 
tion 

Auten, N. W.—See Munoy, Betvey W. 

Amis, Epwarp S. Coulomb’s law and the 


quantitative interpretation of reaction 
ANTELMAN, Marvin. Lecture demonstrations 
Asimov, Isaac. Naturally occurring radio- 
The natural occurrence of short-lived radio- 


B., James K. Sneep, THoMas 
F. McGratu, ann Rosert Levine. A con- 
venient apparatus for the distillation of 


Barttett, Paut D. The chemical properties 


Bartow, Virginia. Axel Fredrik Cronstedt.. 
BassHaM, J. A., A. A. Benson, AND MELVIN 
Catvin. Isotope studies in photosyn- 
Bettamy, A. W.—See Hesuep, J. M. 
Benrietp, D. A.—See Younc, Rowanp S. 
Benson, A. A.—See BassHam, J. A. 
Bent, Ricnarp L. Aspects of isomerism and 
mesomerism 
I. (a) Formulas and their meaning; (6) 
Mesomerism 
II. Structural 
III. Stereoisomerism 
Bitcer, Leonora Neurrer, Gustav ECKe, AND 
Craupe Horan. Chemistry and art work 


Bittincer, Rosert D. Henry William Stiegel 
—pioneer iron and glass maker............ 


BiackwetL, R. QvueNTIN, AND Leonarp S. 


Fospick. Paper chromatography for stu- 
Buick, Davin J. Three schedule patterns in 
freshman chemistry teaching............. 
Bonner, Wituram A. A portable semimicro 
Braver, Esernarp. How I came to know 
Brockett, Ciype P. Atomic structure and 
the photoelectric 
Brooke, Maxey. Carbonate alkalinity indi- 
Brown, JoHn A. Lacquer color filters for 
qualitative flame 
Bu.iorr, Jack J. Recent history of the no- 
tion of a chemical species.............-.- 
Burns, R. M. Chemical reactions in the 


Carvin, Metvin—See Bassuam, J. A. 
Carsone, Gasriet. The identification of esters 


128 


229 


328 
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titles to articles; the books reviewed are listed in a se te 


section. The principal subject entries are distinguished from 
titles by printing the former in italics. Portraits, including 
medals, are indicated by (P), frontispieces by (F). , 
AUTHOR INDEX 
Cuaverri, Git, R. The periodic table of Counseling by statistics................. 194 

Cuu, Ju-Hwa, anno T. C. A QUENTIN 

micro porphyrin test for blood........... 178 Fosrer, Laurence S.—See McManon, WIL- 
Capp, Leattyn B. Chemistry of the cova- LIAM J. 

lent bond: the first-year course at Brown 530 Fritz, JaMes J. Systematic calculation of 

Some chemistry of covalent compounds 442 

with a single central atom................ 584 
Couen, D., anv Georce S. Hammonp. C. Electrolytic caustic 

Some thermodynamic aspects of reaction and chlorine industries................... 116 

Corretyou, W. P. Corretyov. course in inorganic preparations.......... 9 

National cooperative undergraduate Gaver, Kart H., ANiTA DEeEMMLER, AND 

chemical research program..............- 463 MicuaeL J. Investigation of 
Cox, Geratp J., AND JEssicA WITTEMAN complex metal ions by the polarographic 

for requesting 82 Geuter, KennerH—See Davinson, Davin 
Currier, Arnotp J. Evaluation of labora- Guuis, G. The evaluation of 

tory work in general chemistry........... 207 126 
Danmar, J. Eam. A continuous liquid- GLfeKMAN, Lewis W. The self-education of 

the Young Engineering Teachers......... 416 

liquid extraction apparatus............... 179 
Dove, The Guieim, Davin I. Silver trees....... véugion 151 

‘ Gotpstein, Ernst M. Demonstration of the 

algebra of simultaneous equilibria....... 238 . i 
Davis, Joun B. Ammonia and “ammonium intermediate position of cobalt between 

Dawson, Ray F. Basic research in tobacco 

LS 404 E. H., R. A. Scorr, anp K. A. Van 
Day, Jesse H. The short course in chemis- Lente. The relation of high-school prep- 

304 aration to college chemistry grades...... 311 
De Ment, Jack. Fluorescence titration..... 145 Hann, Ricnarp B. The separation of cal- 
DemMMer, ANITA—See Gaver, Karu H. cium and strontium in semimicro quali- 
Dennis, A. Some recent develop- 349 

ments in steel production and products.. 491 Georce S.—See Conen, Menoveu D. 
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ments of chemistry, 9. CHartes A. 
Equilibria, ionic, Systematic calculation of. 
Equilibria, simultaneous, The algebra of. 


Davip Davipson AND KENNETH GELLER.... 
Esters of phenols, The identification of. 


Evaluation of college students. G. N. Quam 
Evaluation of laboratory work in general 
chemistry. ArNotp J. CuRRIER............ 


JOURNAL OF CHEMICAL EDUCATION 


Evaluation of molecular formulas, The, 

Extraction apparatus, A continuous liquid- 
395 liquid. J. Eart DANIELEY................ 179 

Extractor, A continuous liquid-liquid, for 


465 organic solvents denser than water, 
110 
Fabbroni, Jean Valentin (P)................. 6 
Fibers, Synthetic. W. Heckerr... 166 
Film on the analytical balance, A.........., 529 
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Geochemistry 
Composition of earth’s crust.............+.. 
Dating with carbon 
Radioisotopes, occurrence of............. 398. 
German, 
Gillis, Jean Baptiste. RavpH E. 
(December 
Glass 
Colonial 
Glass: historical notes, 1900 to 1950. ALex- 
Glass in the Biblical literature. Exrose R. 
SILVERMAN AND ALEXANDER SILVERMAN..... 


Glemser, Oskar. Ralph E. Oesper (Novem- 


Goldschmidt 
Grades 
Grades, college chemistry, The relation of 
high-school preparation to. E. H. Hap- 
Ley, R. A. Scorr, anp K. A. Van LENTE.. 
Great analysis, The. Apert R. Martin..... 
Guidance 
Guillaume, Charles Edoudard (P)............ 


Hnvsooxs, On the use of. G. W. H. Powet 
Hein, Franz. Ratepxw E. Orsper (June F).... 
High-school 40, 
Effect on college chemistry.............. 311, 
Inorganic 
Highly accurate, rapid-action, micro or 
macro buret, A. Jay E. Tayvor.......... 
History of chemistry 
Benzene, structure of ei 
Carbohydrate 
Colonial iron and glass industries.......... 
Earth’s crust, composition of........ 
Elements and compounds...... 


Indole synthesis........... 
Laboratory instruction... 
Mass action, law of...... 
Metric system.......... 
Names, confusion in.... 
Nickel, discovery of............ 
Plant products, structure of.... 
History of the chemical sign language. 
Hlasiwetz and Barth—pioneers in the struc- 


tural aspects of plant products. Virginia 
Hlasiwets, Heinrich 
Home reference library for chemistry stu- 
Gente, A. 0000 
How I came to know Wilhelm Ostwald. 
How one b a ch t. WitHeELM 


Hydrogen ion concentration of weak mono- 
basic acids and their salts, The. Bart 
Park 


[ventiFicaTion of esters of phenols, The. 

Incendiaries, Lecture demonstrations of. 

Indicators 

Indole synthesis, The Fischer. Pup A. 


Industry 
Inexpensive, easily constructed spectropho- 


tometer, An. Hurp W. Sarrorp ann D. 

Inexpensive, portable electroanalyzer, An. 

Pau S. Farrincron anv Rosert L. Pecsox 461 
Infrared spectroscopy, Student experiments 

in. Katuertne W. 340 
Inorganic chemistry—an undeveloped resource 

in chemistry curricula. Harry H. Sister 551 
Inorganic paper chromatography. II. Sepa- 

ration of groups III, IV, and V. Joun G. 


Surak, NormMan Lerrcer, AND Rosert 
20 
Inorganic preparations, A course in. Karu 
H. Gayer AND Micwaet J. ELKIND........ 90 
Inorganic preparations, A  secondary-school 
course in. Eupert C. WEAVER............. 386 
Instruments 
Interferometer, An. Jim G. Maik, Joun L. 
Speirs, anp Max T. Rocers............... 437 
International Bureau of Weights and Meas- 
ures, the work of the, and The genesis of 
the metric system. Henri Moreav...... 3 
Interval marker, An electronic. ALEXANDER 
252 
Introduction to the electron theory of metals, 
An. A. 486 
Introductory lecture in physical chemistry. 


Investigation of complex metal ions by the 
polarographic method. Karu H. Gaver, 
DEMMLER, AND Micuaet J. EvKinD 557 


71 
Ipatieff, Vladimir N. (P) (March F)........ 112 
Iron 


Iron (III) thiocyanate, The nature of, in 
solution. S. Z. Lew1n Rosettn Server 
445 

Isomerism and mesomerism, Aspects of. 
Ricuarp L. Bent 
I. (a) Formulas and their meaning; (5) 


220 

Isotope studies in photosynthesis. J. A. 
BassHaM, A. A. BENSON, AND MELVIN 


Isotope utilization, The scope and future of. 
C, AEBERSOLD AND Epwin A. 229 


Janver, Gerhart. E. Oesper (July F) 348 
Japanese school laboratories, Some accidents 


in. Himomitsu 310 
Kinetic structure of gases, The. WeNbDELL 

Kortiim. Gustav. E. Ogsper (Janu- 


2 


Laboratory design 

Laboratory exercises 

Avogadro’s number... 


Biochemistry 
Infrared 
Inorganic 90, 386 
Ninhydrin, preparation 624 
Paper chromatography.............. 370, 525, 614 
Laboratory instruction, chemical, Friedrich 
Stromeyer and the history of. Gerorc 
LocKEMANN AND E. Oesper........ 202 


Laboratory techniques 


Laboratory work in a physical science course. 
Laboratory work in general chemistry. Evalu- 
ation of. ARNOLD J. CURRIER............. 207 
Lacquer color filters for qualitative flame 
Lavoisier, Antoine-Laurent de (P)............ 6 
Lecture demonstrations 
Fractional distillation. 412 
134 
Kinetic structure of gases...............+ 68 
Molecular models, organic................. 503 
Paper 370 
Lecture demonstrations of incendiaries. 
134 
Léfevre-Gineau, Louis 6 
Lewis theory of acids and bases, Models 
illustrating the. Frep Y. Herron........ 199 


Liberal arts colleges, A. C. S. leaders trained 
in. JoHN R. SamMpey AND JANE SAMPEY... 256 


Librarian, The chemical, in industry. Irene 
Liquids and solutions, Some unsolved prob- 
lems of. Rosser L. 542 


Literature, chemical—See Chemical literature 


Miar.es, sugar, Recent research on. JAMES 

262 
Mathematical chemistry. E. S. SwinsourNne 

570 
Méchain, 6 
Medicine droppers, Tygon bulbs for. JoHN 

Melting-point apparatus, A useful. JoserH 

142 
Mesomerism, Aspects of isomerism and. 


Metal ions, complex, Investigation of, by the 
polarographic method. Kart H. Gaver, 
Anita DEMMLER, AND J. ELKiIND 557 

Metal solutions, Physical properties of. 
Fragments of chemistry, 10. CHARLES 
83 

Metallography 

Metals 

Semiconductors 

Metals and metal oxides, Early work on the 
displacement of. Vuapimir N. Ipatierr.. 110 

Metals and salts, Equilibria between. Frag- 
ments of chemistry, 9. CHartes A. Kraus 35 

Metals, corrosion of, Chemical reactions in 


Metals, electron theory of, An introduction 
to the. Ropert A. LEFEvER................ 486 


Metals, gases in, The vacuum fusion method 
for determining minute quantities of. 
J. McManon ann Laurence 


Metals, nitric acid on, The action of. 

290 
Methyl group, The chemical properties of 


Metric system, The genesis of the, and the 
work of the International Bureau of 
Weights and Measures. Henri Moreav.. 3 

Micro porphyrin test for blood, A. EpitH 


Ju-Hwa Cuv awe T. C. i78 
Microchemistry 
Organic, apparatus and techniques........ 296 
Models 
503 
Models illustrating the Lewis theory of acids 
and bases. Frep Y. Herron.............. 199 
Modified silver tree, A. Wim H. R. 
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353 
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247 
88 
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250 
380 
| 
381 
507 
109 
604 
606 
549 
41 257 
80 
4 
315 
26 
134 
3 419 
145 
22 


Mohler, Hermann. E. Ogsper (May 
F) 
Molecular models for lecture demonstrations 
in organic chemistry. Franx L. Lampert 
Monthly List of Russian Accessions, The. 


of names, On the. Fiorence E. WALL 
National Cooperative Undergraduate Chemi- 
cal Research Program. ErHatine Cor- 


TELYOU AND W. P. CorTeLyou............. 
Natural occurrence of short-lived radioiso- 
topes, The. Isaac 
Naturally occurring radioisotopes. Isaac 


Nature of iron(III) thiocyanate in solution, 
The. S. Z. Lewin anp Rosevin Sewer 
OULOS 

New England Association of Chemistry 
Teachers: 


Articles 
Chemical reactions in the corrosion of 


Chemistry of the covalent bond: the 
first-year course at Brown. LEeaLLyn 


Evaluation of laboratory work in general 
chemistry. ARrNotp J. CURRIER......... 
First fifty years are the hardest, The. 
Recent research on sugar maples. JAMES 
We 


Research program for more effective 
teaching of college chemistry, A. Srs- 
Ters M. Consitia HANNAN AND Maria 


Science education. RicHarp D. WELLS... 
Some chemistry of covalent compounds 
with a single central atom. Leattyn 
Conferences 
Meetings 
Adjourned annual meeting............... 
267th, Concord, New Hampshire......... 
268th, Chestnut Hill, Massachusetts..... 
269th, Providence, Rhode Island......... 
270th, New Britain, Connecticut......... 
271st, Weston, Massachusetts............ 
Meetings scheduled for 1953-54.......... 


Report of the NEACT.................. 40, 
152, 207, 262, 318, 371, 424, 475, 530, 584, 
Nickel 
Discovery 
Ninhydrin, The preparation of, as a labora- 
tory experiment. Xorce ALEJANDRO 
Nitric acid on metals, The action of. 
Nitrogen compounds, Edward Divers and the 
chemistry of. Desmonp REILLyY.......... 
Non-stable states. §S. Lewin................ 
Note on the entropy of a system undergoing 
irreversible processes, A. MILTON Kerker 
Nylon 


Own compression work. M. Spicer 
On the use of handbooks. G. W. H. Powe.i 
Operation of a multiple stockroom, The. 
H. 
Organic chemistry 
Fischer indole synthesis.................... 
Formulas 
Isomerism 
Methyl 


503 


418 


318 


207 


Ninhydrin, preparation 
Organization of subject matter............. 
Organization of subject matter in elementary 
organic chemistry, The. CuHaries A. 
Orlon 


Oxides, metal, Early work on the displace- 


ment of metals and. N. 
Ozonizer, A portable semimicro. WILLIAM 


Pacific Southwest Association of Chemistry 
Teachers: 
Articles 
Chemistry at San Francisco State Col- 


Chemistry at UCLA. G. Ross Rosertson 
Plasma Expanders. Rosert T. Merrick. 
Recycling of fission products in the bi- 

otic cycle, The. J. M. Hesiep anp A. 


Meetings 
Southern California Section.............. 
Proceedings of the PSACT................ 
316, 368, 421, 526, 
Paper chromatography 
Cations 
Photosynthesis 
Paper chromatography for students. R. 
QuENTIN BLACKWELL AND Leonard 
Paper chromatography, Inorganic. 
Separation of groups III, IV, and V. 
JoHN G. Surak, Norman Lerrier, AND 
Paper partition chromatography, A simple 
lecture demonstration of. Evetyn S. 


KritcHEvsKY AND Davin KRiTCHEVSKY.... 
Patents 
Periodic table 
Periodic table of elements, The. Guin 
Periodic table, Properties and the. RicHarp 


ees 
Permanganate standardization with a Beck- 
man spectrophotometer. J. E. Ransrorp, 


Philadelphia Ch 


Philosophy of science 


Philosophy of 94, 
Phosphorus in carbon disulfide, Preparation 

of solutions of. Simney Hettver......... 
Photoelectric effect, Atomic structure and 
the. P. 


Photosynthesis, Isotope studies in. J. A. 
BassHAM, A. A. BENSON, AND MELVIN 
CALVIN 

Physical chemistry—See also Thermodynam¥s 

Tron(III) thiocyanate, study of............. 
Liquids and 


582 
526 
368 


582 


370 


Physical chemistry in pharmaceutical re. 
search. J. M. VANDENBELT.............., 
Physical science course, Laboratory work in 
a. E. % 
Plant design for undergraduate chemical en- 
gineers. Max S. 619 
Plant products, structural aspects of, Hlasi- 
wetz and Barth—pioneers in the. Vm. 
GINIA 380 
Plasma expanders. Rosert T. MERRIcK...... 368 
Polarograph, A simple recording. Betvey W. 
Munoy ann N. W. ALLEN................ M43 
Polarographic method, Investigation of com- 
plex metal ions by the. Kart H. Gaym, 
Anita DEMMLER, AND J. 537 
Porphyrin test for blood, A micro. Epirx 
Ju-Hwa Cuu anp T. C. Cuv............ 
Portable semimicro ozonizer, A. 
Praseodymium tetrafluoride. THeropore P, 
Perros, THoMas R. Munson, AND CHARLES 
Preparation of ninhydrin as a laboratory ex- 
periment, The. Xorce ALesaNpro Do- 
Preparation of solutions of phosphorus in 
carbon disulfide. Sipney HEILvelL....... 305 
Preparations, A course in inorganic. Kari 
H. Gaver anp J. EvKINp....... 
Preparations, A secondary-school course in 
inorganic. Evpert C. WEaver............ 386 
Problem on the energies of molecules, A. 
J. SLOWINSKI, 579 
Proceedings—See Pacific Southwest Associa- 
tion of Chemistry Teachers 
Properties and the periodic table. RicHarp 
Proteins 
Punched-card system for graduate research, 
Pyrolysis and naval stores. A. J. SorraNop- 
Qualitative analysis 
Amino acids by chromatography........... 614 
Calcium and strontium, separation of...... 349 
Cations by chromatography.............. 20, 457 
363 
Organic formula evaluation................ 126 
Qualitative analysis with the ‘Spectranal.” 
Quantitative analysis 
Electrodeposition apparatus............. 254, 461 
Indicators, carbonate. 419 
Permanganate standardization.............. 350 
Ravio service kits in teaching quantitative 
analysis, Some uses of. JoHN P. Puiuirs 
Radiochemistry—See also Tracers 
Dating with carbon 432 
Radium D, E, and F, separation of....... 525 
Radioisotope-labeled red cells, Blood-volume 
determinations by means of: an experi- 
ment in biochemistry. Fastan Lionerti 
AND BENJAMIN H. 63 
Radioisotope techniques, Teacher training in. 
Radioisotopes, Naturally occurring. Isaac 
Radioisotopes, short-lived, The natural oc- 
currence of. Isaac ASIMOV............... 616 
Radium D, E, and F, Separation of, by 
paper chromatography. Epaar E. Dickey 525 


Reaction kinetics, Some thermodynamic as- 
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pects of. MENDEL D. CoHen 
HAMMOND... 
Reaction rates, Coulomb’s law and the quan- 
titative interpretation of, II. Epwarp 8S. 
Amis 
Reactivity of solids, The. J. Arvin 
Recent history of the notion of a chemical 
species. JACK J. 
Recent research on sugar maples. JaMes W. 
Magvin 
Reclaiming silver from silver chloride resi- 
dues. Orro L. 
Recycling of fission products in the biotic 
cycle, The. J. M. Hesuep anp A. W. 
BELLAMY 
Reference library for chemistry students, A 
home. 
Relation of high-school preparation to college 
chemistry grades, The. E. H. Hapuey, 
R. A. Scorr, anp K. A. Van LentEe....... 
Religious perspectives of college teaching.... 
Report—See New England Association of 
Chemistry Teachers 
Reprints, A double-postal-card method for 
requesting. GeraLp J. Cox AND JESSICA 
NAPHANG, 
Requirements and responsibilities of a tech- 
nical editor. 
Research, Are your records sufficient? JoHN 


for. 
Research potential, college, Activation of 
Research program for more effective teaching 
of college chemistry, A. Sisters M. 
HANNAN AND Marta CLARA 
Research Program, National Cooperative Un- 
dergraduate Chemical. Corre.- 
Resins 
Rubber tubing, Storing. Roianp 8S. Youna, 
D. A. Benrrevp, ano K. G. A. SrracHan. 
Russian Accessions, The Monthly List of. 


Safety 
Safety practices and the chemistry stockroom. 
Dovucitas G. 
San Francisco State College, Chemistry at, 
1952-53 


Schedule patterns in freshman chemistry 
teaching, Three. Davin J. BuIcK......... 
Science class investigates an advertisement, 
Science education. 
Scope and future of isotope utilization, The. 
C. AND Epwin A. WIiGGIN 


Sea water, The gold content of. GarTH 
Secondary-school course in inorganic prepara- 
tions, A. Exserr C. WEAVER.............. 


Self-education of the Young Engineering 
Teachers, The. Lewis W. GLEEKMAN... 
Semiconductor and transistor theory, A sum- 
mary of. Ropert A. LEFever.............. 
Separation of calcium and strontium in semi- 
micro qualitative-analysis, The. RicHarp 


Separation of radium D, E, and F by paper 


chromatography. Epgar E. Dickey...... 
Short course in chemistry, The. Jesse H. 
Silver, Reclaiming, from silver chloride resi- 
dues. Orro L. 
Silver tree, A modified. Wuiuam H. R. 


180 


311 


349 


Silver trees. Davin I. 151 
Simple lecture demonstration of paper parti- 
tion chromatography, A. 
KrircHevsky aNpD Davin KritcHevsky.... 370 
Simple recording polarograph, A. Be.vey W. 
Monpy N. W. 143 
Small-scale techniques in the teaching of 
organic chemistry. JoHNn T. Srock AND 
Smith, Thomas Peters. WynpHaM Mites... 184 
Sodium 
469 
Sodium handling in the laboratory, Useful 
hints for. Arthur S. Hawkes, Evcene 
F. anp MarsHatu 467 
Solids, A convenient apparatus for the dis- 
tillation of. Lioyp B. Barxuey, James K. 
Sneep, THomas F. McGratu, Rosert 
Solids, The reactivity of. J. Arvin Hepvatt. 638 
Solutions 
Solvent take-off adapter, A. Irvinc ALLAN 
Some accidents in Japanese school labora- 
tories. Hiromitsu 310 
Some chemical relics. RatpH E. Ogsper..... 193 
Some chemistry of covalent compounds with 
a single central atom. Leattyn B. Crapp 584 
Some recent developments in steel production 
and products. Wiiu1am A. DENNIS...... 491 
Some thermodynamic aspects of reaction 
kinetics. Menpve. D. CoHEN AND GEORGE 
Some unsolved problems of liquids and solu- 
Some uses of radio service kits in teaching 
quantitative analysis. JoHN P. PHiwuirs 70 
“Spectranal,’’ Qualitative analysis with the. 
Spectrophotometer, An inexpensive, easily 
constructed. Hurp W. Sarrorp anp D. 
343 
Spectrophotometer, Beckman, Permanganate 
standardization with a. J. E. Ransrorp, 
350 
Spectroscopy 
Cation analysis with ‘‘Spectranal’’......... 454 
Iron (III) thiocyanate, study of........... 445 
Spectroscopy, infrared, Student experiments 
in. W. 340 
“Spectrum,’”’ The definition of. G 
496 
Stability of a complex ion, The. Pav. 
Krucer AND JACK 196 
Standards 
128 
Steel production and products, Some recent 
developments in. Wiiu1am A. Dennis.. 491 
Stereochemistry 
220 
Stiegel, Henry William—pioneer iron and 
glass maker. Rosert D. BILuINceR....... 356 
Stockroom 
317 
Stockroom, chemistry, Safety practices and 
the. Dovctas G. NICHOLSON............. 188 
Stockroom, multiple, The operation of a. 
H. 512 
Storing rubber tubing. Ro.tanp S. Youna, 
D. A. Benrievp, anp K. G. A. Srracnan. 317 
Straight line data, Analyzing. Forman S. 
Stromeyer, Friedrich, and the history of 
chemical laboratory instruction. 
LockEMANN AND E. Ogsper (April 
202 


Strontium and calcium, The separation of, 
in semimicro qualitative analysis. Ricu- 


Student experiments in infrared spectroscopy 
W. 340 
Study in scientific genius, A: Wilhelm Ost- 
wald’s hundredth anniversary. Epvuarp 
Suggestions for translating German, French, 
and Italian chemical literature. Henry 
8 ry of duct and transistor , 
theory, A. Roserr A. Lerever............ 554 
Summer program in thermodynamics........ 242 
Synthetic fibers. Wuinrrep W. Hecxerr..... 166 
Syst tic calculati of ionic equilibria. 
‘Talleyrand-Périgord, Charles-Maurice de (P) 5 
So 
Teacher training in radioisotope techniques. 
Teachers, Engineering, The self-education of 
the Young. Lewis W. GLEEKMAN....... 416 
Teaching loads, College, 1951-52. Dovc.as 
148 
Teaching of college chemistry, Fourth annual 
205 
Teaching of college chemistry, more effective, 
A research program for. Sisters M. 
Consitta HANNAN AND Maria CLARKE 
475 
Teaching science in Afghanistan.............. 37 
Teaching techniques 
Freshman schedule patterns................ 366 
40 
Laboratory work in a physical science 
Science in general education.............. 94, 626 
166 
Thermodynamic aspects of reaction kinetics, 
Some. Menvet D. Conen Georce S. 
Thermodynamics 
Entropy changes in solution................ 71 
Liquids and 542 
Three schedule patterns in freshman chemis- 
try teaching. Davin J. Buick............ 366 
Titration, Fluorescence. Jack De MENT..... 145 
Tobacco chemistry, Basic research in. Ray 
Tracers 
Blood-volume determinations............... 63 
274 
Transistor theory, A summary of semicon- 
ductor and. Ropert A. Lerever.......... 554 
Translating German, French, and Italian 
chemical literature, Suggestions for. 
Tygon bulbs for medicine droppers. JoHN 
Usse.onpe, Leo. E, Oesper (August 
414 
UCLA, Chemistry at. G. Ross Ropertson.. 526 
3 
University instruction in chemical literature, 
245 
Useful hints for sodium handling in the 
laboratory. ArtHur S. Hawxes, Evcene 
F. Hm, anp 467 
Useful melting-point apparatus, A. JoserpH 
142 
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Vacuum drying apparatus for small samples, 


A. JoHN D. REeINHEIMER....... 139 


Vacuum fusion method for determining mi- 
nute quantities of gases in metals, The. 
J. McManon snp Laurence 8. 


Valence 
Ammonium 511 
van’t Hoff, The basic work of Fischer and, 
in carbohydrate chemistry. S. 
“Vickery, Hubert Bradford (P).............++ 404 


Titles 


Apuesives for wood. R, A. G. KNicHT..... 378 
Advanced treatise on physical chemistry, 
An. Vol. III: The properties of solids. 

Advances in carbohydrate chemistry. Vol. 
VI. Ctaupe S. Hupson, Sipney M. Can- 
tor, STaNLey Peat, AND Mavrice Sracy, 

Vol. VII. Ctaupe S. Hupson, Metvitie L. 
Wo.rrom, aNp Sipney M. Cantor, Editors. 
Srantey Peat anD Maurice Sracey, Asso- 

Advances in protein chemistry. 

M. L. Anson, KeNNeTH AND JOHN 


Air pollution. Louis C. McCase............ 55 
Alkaloids, The—chemistry and phys:ology. 


Vol. Il. R. H. F. Manske anv H. L. 
Amino acid composition of proteins and foods, 
The. Second edition. RicHarp J. Buock 
Amino acids, The microbiological assay of 


the vitamin-B complex and. E. C. 
Analysis, Principles and methods of chemical. 
Analytical chemistry, Ion exchangers in. 


Annual review of nuclear science 
Vol. I. Commuirree oN Nuctear Science... 105 
Vol. Il. J. G. Becxertey, Editor. M. D. 
Kamen, D. F. Mastick, anv L. I. Scuirr, 
Annual review of physical chemistry. Vol- 
ume III. G. K. Rotierson, Editor. R. 
E. Associate Editor.............. 211 
Anorganischen Chemie, Gmelins Handbuch 
der. Eighth edition 


System 8: 160 
System 27: 160 


Syston 41: Titan. Enric Pierscu, Editor.. 537 
Atmospheric pollution: its origins and pre- 


vention. A. R. MeerHaM................ 598 
Atom Story, The. *. G. FEemnperc........... 649 
Basic college chemistry. Second edition. 

Basic mechanics of fluids. Hunter Rouse 


Bible, Plants of the. Harotp N. 
AND ALMA L. MOLDENKE........ 
Bile pigments, The. C. H. Gray 


Biochemical preparations. Vol. 2. Eric G. 

Biochemistry, General. H. Perrr- 


JOURNAL OF CHEMICAL EDUCATION 


Visual demonstration of fractional distilla- 
tion, A. James O. OsBURN............. ° 
Vitamin C content of wild rose hips, The. 
Sisters M. Cuare M. Justin Mark- 


580 
193 
Washington, Henry Stephens (P)............ 567 
Wenger, Paul E. E. Ogsper. (Feb- 


Biogenen Amine, Die. Fourth edition. M. 


Biological chemistry. ALEXANDER Gero...... 429 
Blood cells and plasma proteins. James L. 


Cuccunations, Chemical. George I. Sacx- 
482 


Carbohydrate chemistry, Advances in 
Vol. VI. Cxaupe S. Hupson, Sipney M. 
Cantor, SraNtey Peat, AND Mavrice 
103 
Vol. VII. Ctaupe S. Hupson, Metvitie L. 
Wotrrom, SipNey Cantor, Editors. 
Srantey Peat anp Maurice Sracey, Asso- 


Carbon compounds, Chemistry of. E. H. 
Ropp, Editor 
Vol. IA: General introduction and aliphatic 
Vol. IB: Aliphatic compounds.............. 158 
Carbon dioxide fixation and photosynthesis. 
Socrery ror EXPERIMENTAL BIoLocy........ 104 
Catalogue of printed works by and memor- 
abilia of Antoine Laurent Lavoisier: 
Cell physiology, Structural aspects of. So- 
CIETY FOR EXPERIMENTAL BIOLOGY.......... 161 
Cellulose: the chemical that grows. WILLIAM 
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Add this beautifully illustrated book to your chemistry library .. 


The CHEMICAL ARTS 


OLD CHINA 


by 
Li Ch’iao-p’ing 
Professor of Chemistry 


National Northeastern University 
Mukden, China 


If you are a lover of beautiful books—and 
a chemist besides—you’!l want to add a 
copy of The Chemical Arts of Old China to 
your personal chemistry library. You and 
your family will cherish this exquisitely de- 
signed and illustrated book. 


inciuded in The Chemical Arts of Old China 
are copiously illustrated chapters on al- 
chemy, metals, salt, ceramic industries, 
lacquer and lacquering, gunpowder, colors 
and dyes, vegetable oils and fats, incense, 
essential oils, and cosmetics, sugar, paper, 
leather and glue, soybean products, al- 
coholic beverages and vinegar ... plus an 
appendix showing the dates of the Chinese 
Dynasties, and a list of Chinese weights 
and measures. 


56 pen and brush drawings, and 22 halftone 
plates illustrate the ancient Chinese meth- 
ods of producing salts, glazing porcelain, 
preparing gunpowder, manufacturing inks 
and dyes, preparing maltose, making paper, 
distilling spirits, etc. 
Whatever your particular interest, you will 
find much to delight and intrigue you in 
Professor Li’s book. Artistically designed 
cover and endpapers, English and Chinese 
title pages, and numerous illustrations, all 
contribute to the beauty of Zhe Chemical 
Arts of Olé China, and to your reading 
pleasure. 
229 pp. $5.00 (postage prepaid) 
($5.50) Foreign 


Sweeping the salted ash in- 
to heaps after the sea water 
has evaporated. 


Working the drainers for 
the preparation of concen- 
trated brine. 


Final crystallization of the 
salt. 


Order your copy today from 


-—— CHEMICAL EDUCATION PUBLICATIONS 


2077 NorTHAMPTON St. 


Easton, Pa. 


270 
378 
09 
79 q 
BS 


1. Forwarding Address. Papers intended for publication in 
the JouRNAL or CHEemicaL EpucaTion should be submitted to 
Norris W. Rakestraw, Editor, Scripps Institution, La Jolla, 
California. 


2. Manuscript. The manuscript submitted should not have 
been published elsewhere. The work of the editorial office is 
facilitated and better service is assured the author when dupli- 
cate copies (the original and a carbon) are submitted. Typing 
of both text and references should be double-spaced, with 2-3 cm. 
margins. The title of the article should be followed by the name 
and business or institutional address of the author. If the paper 
has been presented at a meeting, a footnote giving name of the 
society, date, and occasion should immediately follow the author’s 
name. The usual editorial customs, as exemplified in the most 
recent issue of the JouRNAL should be followed as closely as 
possible. 


Galley proof of each article will be submitted to the author. 
This proof should be carefully corrected and returned promptly 
to the Editor’s Office. Page proof will not be submitted. 

3. References and Footnotes. In historical and biographical 
articles and in papers containing only two or three literature refer- 
ences it is desirable that the references be handled as footnotes. 
Such references should be designated by superior numbers and 
the reference itself should be placed in the body of the text im- 
mediately following the citation and set off by rules. 

In articles of the scientific review type each reference to the 
literature should be designated by a number, in italics (indicated 
in a typescript by a single underline) and enclosed in parentheses, 
corresponding in size with the body of the text and set in the line 
of reading matter. All the references are to be assembled, ar- 
ranged numerically, and placed at the end of the article under the 
heading, Literature Cited. The numbers in parentheses are to 
be placed flush with the margin and if the reference exceeds one 
line, the succeeding line or lines should be indented. The lists of 
references should be typed, double-spaced. 

When specific citations of previous literature are not made 
but when it seems desirable to append a general bibliography, 
it is preferable that arrangement be made alphabetically on the 
basis of authors’ or senior authors’ names. 

A reference to a periodical should include, in the order named: 
(1) author’s name, (2) name of periodical (use of standard 
abbreviations designated in the “List of Periodicals Abstracted 
by Chemical Abstracts’’), (3) volume number, (4) page (give exact 
page number at which the point cited is to be found, or if the 
entire article is the reference, give the page numbers inclusive), 
and (5) date of publication. 


Example: 
(1) Kraus, C. A., anp C. L. Brown, J. Am. Chem. Soc., 52, 
3690-6 (1930). 

A reference to a book should include, in the order names: (1) 
author’s name, (2) title of book (enclosed in quotation marks), 
(3) edition, if more than one, (4) name of publisher, (5) address 
of publisher, (6) date of publication, (7) volume number, (8) 
pages (give exact page number at which the point cited is to be 
found). 


Ezample: 


(1) Couen, J. B., “Organic Chemistry for Advanced Students,” 
5th ed., Longmans, Green and Company, New York, 1928. 


NOTICE TO AUTHORS 


References to explanatory notes such as (1) occasion on which 
paper was delivered, (2) acknowledgments, (3) definitions of ob- 
scure or unfamiliar terms, (4) changes in address, etc., are to 
be designated in the text by superior numbers in sequence with 
other footnotes in the article. Such a footnote should be inserted 
as a separate line (or lines) immediately following the word to 
which it refers and should be separated from the text by lines. 


4. Illustrations. Not all articles lend themselves to illustra- 
tion, but articles which do should be accompanied by as many 
pertinent illustrations as possible. The best possible selection 
of illustrations available will be made by the editorial staff, 
As a rule, apparatus, particularly if complicated, is best presented 
by means of line or working drawings. Photographs are some- 
times sufficient, however. When both can be obtained, it is 
generally desirable to include both with the manuscript. Unless 
lettering can be done by one of the mechanical devices it should 
be in pencil only. 

Photographs should have a gloss finish and should be at least 
post-card size—larger, if possible. Only prints which are un- 
blurred and which show sharp contrast between light and dark 
areas can be satisfactorily reproduced. Authors should exercise 
scrupulous care in crediting photographs which require credit. 

Line drawings should be carefully prepared in black India ink 
on plain white drawing paper, blue tracing cloth, or blue-lined 
coordinate paper twice or three times the size desired in the 
printed cut; it is convenient, when permitted by the scale re- 
quired, to have them the size of the manuscript. 

For graphs coordinate paper should be printed in blue only, 
with the important coordinate lines ruled over in black; the black- 
ruled square should in general not be less than ten millimeters on 
a side; the lines of the curves should be the heaviest, except 
the frame; points on the curves should be indicated by true 
circles, not crosses. All lines, legends, numbers, and letters 
which cannot be set in type at the margin of the cut but must 
constitute a portion of the cut itself are to be so proportioned 
that they will be clearly legible in the cut. The numbering of the 
coordinate axes, the number of the figure, and any necessary 
explanations of the figure should be printed in pencil in the 
margin of the sheet, as they are usually set up in type rather than 
reproduced from the drawing. 'Typewritten designations are not 
black enough to reproduce satisfactorily. Where lettering can- 
not be done adequately, designations left in pencil can be taken 
care of in the editorial office. 

Tables should be inserted in the body of the manuscript at the 
proper place. 

All photographs, line drawings, and tables should be provided 
with self-explanatory titles or legends. Each illustration should 
be marked in pencil on the margin with the name of the author 
and the title of the article to which it refers. 

Authors are invited to examine the series of articles by E. M. 
Hoshall entitled ‘(Chemical Drawing” [“I. Fundamentals of chemi- 
cal drawing,” J. Cuem. Epuc., 11, 21-3 (1934); “II. Conven- 
tional representation of materials and equipment,” ibid., 11, 
23-7 (1934); “III. Arrangement of drawings,” ibid., 11, 
154-8 (1934); “IV. Charts, graphs, and diagrams,” ibid., 11, 
235-41 (1934); “V. Photographs,” ibid., 11, 546-50 (1934).] 

5. Reprints. A reprint price list is printed on the reverse side 
of the order slip which accompanies galley proofs. Special rates 
for reprints in 6” X 9” page-size may be had upon application to 
the Business Manager, Mack Printing Co., 20th and Northamp- 
ton Sts., Easton, Pa. 
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Changes in emphasis increase teaching value of famous text 


ORGANIC CHEMISTRY, 


Second Edition 


By REYNOLD C. FUSON, Professor 4 Organic Chemistry, and H. R. SNYDER, Professor of Chemistry; 
both at University of Illinois. The new edition of this famous text retains the original plan of presenta- 
tion and the accelerated introduction to the subject that makes the text so useful in a wide range of 
courses. In other respects, however, the new edition represents a very complete revision aimed at 
limiting the material to that which every good chemist must learn and remember, and presenting it 
in a manner that facilitates the learning process. _ 

The new edition stresses the behavior of molecules with special attention to the reactions of the 
functional oo s. It offers a unified treatment of aliphatic and aromatic compounds and extensive 
coverage of polymers and polymerization. Theoretical considerations are given a more detailed 
treatment in the new edition, and the reaction patterns are emphasized, specific reactions being grouped 
according to type. 1954. Approx. 556 pages. Probably $6.50. 


Expanded by 40%, to cover new developments in the field 


QUANTITATIVE ORGANIC ANALYSIS VIA FUNCTIONAL GROUPS, 


Second Edition 


By SIDNEY SIGGIA, Research Analyst, General Aniline & Film Corporation. The only available text 
that describes functional group analysis as such, this is the first book to indicate the range of applica- 
tion of this type of analysis in work with organic samples. The methods described can be used Gactiy 
without any other reference. All have been tested and checked for simplicity, accuracy, and precision, 
and most of the procedures require only the standard analytical equipment. Wherever special equip- 
ment is needed the analysis has been designed to allow the use of easily constructed or inexpensive 
apparatus. The work is particularly useful as an introduction to a field of growing importance which 
in many instances is taking the place of elemental analysis. 1954. Approx. 228 pages. Probably $5.00 


Beginning text based on sound teaching principles 


INTRODUCTION TO CHEMISTRY 


By R. T. SANDERSON, Professor of Inorganic Chemistry, State University of Iowa. This readable and 
teachable new text contains all the essential material for an introductory course without economizing 
on explanations of principles or unduly easing the rigor of the treatment. The text stresses the nature 
of chemical bonds and the molecular condition of matter. An important feature of the text is its self- 
sufficient illustrations which convey, in a different way, basic ideas which are presented independently 
in the text. 1954. Approx. 500 pages. Probably $4.75. 


Latest volume in distinguished series saves valuable research time 


BIOCHEMICAL PREPARATIONS, 


Volume Ill 
Editor-in-Chief: ESMOND E. SNELL, Professor of Chemistry, University of Texas. Based on the sugges- 


tions and labors of a great number of workers in the field of biochemistry, this new volume consolidates 
the position catublicheed by earlier books in the series. Its purposes are those laid down at the incep- 
tion of the series: to provide readily duplicable and checked procedures whereby research biochem- 
icals, not readily available from commercial sources, can be prepared in a state of known purity. 
Twenty-six important compounds are offered in the new volume. 1953. 128 pages. $3.50 


Send for on-approval copies 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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ALWAYS READY TO USE 
IN THE CLASSROOM 


The NEW Coleman 


pl Meter........ .$215.00 


@ No batteries 
@ Direct reading 
@ Constantly indicating 


Just plug itinto the 110 volt A.C. current line socket! 
Complete stability in five minutes means no reading rift! 


Your Titrations, too, are easily followed . . . "add titrant 
and watch the immediate change in meter needle position 
on the BIG scale. 


No. 2070 
Coleman precision ... to 0.05 pH ... plus line operating 
convenience, makes this modern pH meter ideal for every 
school use. Of course, it is housed in a beautiful plastic 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 


case! which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
IMMEDIATE STOCK DELIVERY particularly useful in determining very small 
amounts of these substances. It feat 
No. 3530JC. Coleman AC pH Meter. For direct connection to 110 volt toa m 
50/60 cycle line with new screw-top glass electrodes mounted on plastic * sitivity 
head with 12 inch lead. Constantly indicating circuit, ready for use with f 
mounting assembly. Housed in black plastic case. Each.......... $215 f 1 - TOr 
| | is from 
ond 
Write for Bulletin JC-12, WACO CATALYST MLETT SCIENTIFIC PRODUCTS etd 
showing all Coleman instruments including new U availat 
ELECTROPHORESIS APPARATUS BIO COLORIMETERS p. 8. 
automatic titration attachment for the Model 18 GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- ray ey 
above and simple titration assemblies. ETERS ¢ GLASS STANDARDS e KLETT REAGENTS ard “a 
entirel; 
An Authorized Coleman Distributor | 
AN LABORATORY SUPPLIES AND CHEMICALS lett 
WILKENS ANDERSON CO K 
179 EAST 87TH STREET, NEW YORK, N. Y. Santa 
4525 W DIVISION ST CHICAGO 51 ILLINOIS suggest 
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New Radiocarbon Ring-Labeled Aro- 
matics 


Four new ring-labeled aromatics have 

been added to the list of 86 radiocarbon 
compounds available from the Nuclear 
Aéc Instrument & Chemical Corp., 229 W. 
Ll Erie St., Chicago 10, Illinois. 
Uniformly labeled benzene, toluene, and 
fer benzoic acid are important in commercial 
chemistry since benzene and toluene are 
raw materials for industrial organics 
while benzoic acid is extensively used as a 
food preservative. Labeled benzaldehyde 
is a useful starting material for the syn- 
thesis of a wide variety of complex organic 
chemicals. 

All four compounds are available in 1, 
0.5, and 0.1 millicurie packages under 
regular A.E.C. licensing procedures. 
These compounds will be especially useful 
in fundamental studies in _ physical, 
organic, and biological science as well as 
in process control in industry. 


Improved Conductivity Bridge 


A new, improved general-purpose con- 
ductivity bridge for electrolytic conduc- 
tivity and electrical test measurements is 
announced by Industrial Instruments, 
Inc., 89 Commerce Rd., Cedar Grove, 
New Jersey. The new instrument has 
been cataloged as the Type RC-16B. 


It features variable sensitivity control up 
to a maximum of one-third of 1%. Sen- 
sitivity is regulated by means of a knob 
on front panel. Range of the instrument 
is from 0.2 to 2,500,000 ohms, with an ac- 
curacy of within 1% of measured resist- 
ance. Two bridge source frequencies are 
available at line frequency and 1000 
¢.p. 8s. Indicating device is an electron- 
tay eye tube. All components are stand- 
ard types for easiest maintenance. Unit is 
entirely self-contained in a hardwood, self- 
covering, portable case. Primary power 
is 115 volts, a. c. 


Ozone Generator 


Some time ago Father J. E. Ransford, of 
y. |B Santa Clara College, California, sent us a 
suggestion for modifying the ozone gener- 


ator which was described in our Sep- 
tember, 1951, issue. He suggests using a 
high-vacuum leak-tester in place of the 
induction coil. 


Hydrogen Cannon 


Father Ransford (see above) also 
described a hydrogen cannon in our{April, 


1950, issue. He writes that after a 
Plexiglas cylinder had been substituted 
for the glass, the cannon withstood several 
hundred firings without mishap and won a 
first prize for the two students who 
demonstrated it at a Departmental ex- 
hibition. 


Fire Extinguisher 


A new type of fire extinguishing agent, 
several times as efficient as carbon tetra- 


; chloride, is now in production at Eston 


Chemicals Division of American Potash & 
Chemical Corp. The compound is 
methylene chlorobromide, and is com- 
monly referred to as “CB.”’ It was first 
developed in Germany during World War 
II, but only recently began to gain wide 
acceptance in this country for use in fire 
control equipment. In addition to effici- 
ency it has a lower toxicity than carbon 


OF RESEARCH 


Where rigid laboratory specifications for 
control must be met, Tygon R-3603 flexible 
plastic laboratory tubing is specified by 
research laboratories the world over. 


Tygon R-3603 is chemically inert, com- 
pletely non-toxic and non-oxidizing. Glass 
clear, Tygon R-3603 offers complete solu- 
tion visibility. Its mirror-smooth walls offer 
minimum restriction to flow. Tygon R-3603 
while extremely tough and durable is flex- Y/ 
ible as a string. It is easily connected and is z 
adaptable for branching lines with Tygon 
“Y” fittings. Tygon R-3603 is normally 
available in sizes ranging from .120” I.D. 


—2” LD. 


195-D 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Specify the genuine... the 
quality tubing that is branded 
— Tygon R-3603. Available at 
your laboratory supply house. 


STONEWARE 


PLASTICS AND SYNTHETICS Div. 
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for the future... 


SCIENCE CREATED INDUSTRY 


Industry, In Turn, Is Now The 
Mainstay Of Science 


The workshop for scientific discoveries is an invest- L A a 0 he ATO ¥ Y F U R " | T U RE 


ment for the future. 


Indispensable for the future is insurance that today’s COMPANY, INC. 
capital investment will give you the greatest returns 
in accomplishment and production. MINEOLA, LONG ISLAND, N. Y. 
STEELAB laboratory furniture, planned, designed Agents in principal cities 


and constructed to provide every advantage of rugged- 
ness and long life, at minimum cost, will go a long way 
toward guaranteeing that future. 

Over 45,000 installations attest the demand for REVISED editi 
STEELAB furniture in, the fields of industry, educa- pig gee warren 
tion, medicine, government and research. 


the STEELAB catalog. . .... 


CLEARLY the best! 


Haemo-Sor’s sparkling clarity means minimum rinsing for 

“C.P.” surfaces. Delicate tests call for the chemically 
pure glassware assured by HaEMo-Sot’s ready solubility 
and complete rinsability. Hazmo-Sot is economical, 
too, because the solution is 100% effective and 
may be re-used repeatedly. Will not etch glass. 


For more complete cleansing 
without residue — use HaEMo-Sou. 


Literature and samples on request. 


Write us regarding your specific 
cleaning 


MEINECKE & COMPANY, Inc. . 225 Varick Street, New York 14 
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tetrachloride and is lighter than most fire 
extinguishing agents. 
Attracting Future Chemists 


An excellent vocational guidance bulle- 
tin, on the high-school level, entitled 
“Chemistry and You,”’ has been issued by 
North Dakota Agricultural College, 
Fargo, North Dakota. Copies may be 
had from the Dean, Dr. R. E. Dunbar. 


Fractionating Column 

Marvin Antelman of Yeshiva Univer- 
sity, New York, has suggested the use of 
straight-form drying tubes to form frac- 
tionating columns. The tubes are filled 
with glass beads or sections of glass rod 
and are connected by means of corks one 
on top of the other. The height of the 
columns may be varied by the length and 
number of tubes employed. At the 
uppermost tube a cork is inserted with a 
bent glass tube and thermometer. 


Chromate Test 


In the hydrogen peroxide test for 
chromates and dichromates the blue color, 
which is the distinguishing feature, is 
ordinarily extracted with diethyl ether to 
make it more visible and stable. 'The use 
of ether has an element of danger in it, and 
Dr. S. Porter Miller, of the American 
University at Cairo, Egypt, writes suggest- 
ing the substitution of ethyl acetate, which 
seems to be just as satisfactory. Amyl 
alcohol has also been used with success. 


Agilene Hydrometer Cylinders 


A unique hydrometer cylinder is the - 


latest addition to the line of Agilene (poly- 
ethylene) laboratory ware manufactured 
by American Agile Corp., Bedford, Ohio. 


In addition to being non-breakable and 
resistant to damage by solutions which at- 
tack glass, the cylinder shown incorporates 
several features which bring new safety 
and convenience to measurement of spe- 
cific gravity of toxic or corrosive liquids. 

The construction of the cylinder makes 
it possible to take gravity measurements 
with the cylinder completely filled. In 
this manner the liquid surface is kept at a 
point where the hydrometer is easily read, 
the overflow container catching the liquid 
displaced. Valuable materials are not 
lost, dangerous liquids are not spilled. A 
molded pouring spout permits easy and 
safe transfer of liquids from the vessel. 


Cotton Ion Exchanger 


Cotton may be used as an ion-exchange 
field, according to chemists at the Depart- 


ment of Agriculture Southern Regional 
Research Laboratory, New Orleans. 
They found that cotton, altered by intro- 
duction of certain reactive groups to re- 
place the hydroxy] groups in the cellulose 
molecule, shows ion-exchange capacities. 
Use will probably be based on the unique 
physical form of the new exchangers. 
Ease in handling and re-use possibilities 
should fit them for certain specialized 
applications. 


New Pyrogen and Bacterial Reten- 
tive Filter 


Ertel Engineering Corp., 90 Front St., 
Kingston, New York, announces the addi- 
tion of a new filter to its extensive line. 
The unit to be known as Model 8-ESS 
accommodates 8-in. square Ertel Asbestos 


Filter Sheets. It is available in highly 
polished stainless steel, Lucite and stain- 
less steel, or all Lucite construction. For 
pyrogen work the design provides for 
double filtration and includes Ertel stone 
fiber eliminator. - 

A Model 4-Ess for smaller capacity 
filtration is also available. The compact 
size of both the 4- and the 8-in. models 
make them ideal for use in laboratories as 
well as for production. 

Bulletin 8-ESS illustrating and de- 


scribing these models in detail is available 


on request. 


New Chemicals 


@ American Cyanamid Co. has increased 
production and reduced prices of seven 
new chemical products now being mark- 


YOU TAKE rae STEP 


WE'LL TAKE THE Cocond 


New Laboratories of 
Froedtert Grain and 
Malting Co., Milwau- 
kee, Wis. are Kewau- 
nee equipped. 


WITHOUT COST TO YOU 


More and more business institutions are taking advantage of this 


ae 


oT helpful service rendered without cost by Kewaunee’s staff of 


You send us 
your Laboratory Floor 
Plans. 


Laboratory Engineers. You, too, will want to profit by Kewaunee’s 
50 years of experience in equipping America’s finest Laboratories. 


It’s a good plan to rush floor plans to Kewaunee—early. 
—You'll save time and money 


—You'll insure better use of floor space 


We'll send 
you carefully engi- 
neered layout. 


—You'll enjoy greater working convenience 
—You'll provide for future expansion 
—You'll avoid chances of costly mistakes and regrets 


If they’re ready—send your floor plans Today. But if your building 
Program is not that far advanced, and you simply want to see 
what Kewaunee has to offer in modern cabinets, storage cases, 
laboratory desks, sinks and latest design fume hoods for handling 


radioactive and toxic materials, etc., ask for catalog and helpful 
literature of Kewaunee Laboratory Equipment. See how carefully 
every piece is designed for utmost sanitation, superquiet operation, 
working convenience, and lasting service. 


Please specify whether interested in wood or metal laboratory 


equipment. 
ADDRESS: 


Wall Sink No. 210 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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Indispensable 
the future... 


SCIENCE CREATED INDUSTRY 


Industry, In Turn, Is Now The Manufactured by 
Mainstay Of Science 
The workshop for scientific discoveries is an invest- L A x 0 e ATO e Y F U R + | T U RE 
ment for the future. 
Indispensable for the future is insurance that today’s COMPANY, INC. 
capital investment will give you the greatest returns 


in accomplishment and production. MINEOLA, LONG ISLAND, N. Y. 


STEELAB laboratory furniture, planned, designed Agents in principal cities 
and constructed to provide every advantage of rugged- 
ness and long life, at minimum cost, will go a long way 
toward guaranteeing that future. 

Over 45,000 installations attest the demand for oe 
STEELAB furniture in, the fields of industry, educa- 
tion, medicine, government and research. 


CLEARLY the best! 


Haemo-Sor’s sparkling clarity means minimum rinsing for 

“C.P.” surfaces. Delicate tests call for the chemically 
pure glassware assured by Harmo-Sot’s ready solubility 
and complete rinsability. Hazmo-Sot is economical, 
too, because the solution is 100% effective and 
may be re-used repeatedly. Will not etch glass. 


For more complete cleansing 
without residue — use HaEmo-Sot. 


Literature and samples on request. 


Write us regarding your specific 
cleaning 


MEINECKE & COMPANY, Inc. « 225 Varick Street, New York 14 
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tetrachloride and is lighter than most fire 
extinguishing agents. 
Attracting Future Chemists 

An excellent vocational guidance bulle- 


tin, on the high-school level, entitled 
“Chemistry and You,” has been issued by 


North Dakota Agricultural College, 
Fargo, North Dakota. Copies may be 
had from the Dean, Dr. R. E. Dunbar. 


Fractionating Column 

Marvin Antelman of Yeshiva Univer- 
sity, New York, has suggested the use of 
straight-form drying tubes to form frac- 
tionating columns. The tubes are filled 
with glass beads or sections of glass rod 
and are connected by means of corks one 
on top of the other. The height of the 
columns may be varied by the length and 
number of tubes employed. At the 
uppermost tube a cork is inserted with a 
bent glass tube and thermometer. 


Chromate Test 


In the hydrogen peroxide test for 
chromates and dichromates the blue color, 
which is the distinguishing feature, is 
ordinarily extracted with diethyl ether to 
make it more visible and stable. The use 
of ether has an element of danger in it, and 
Dr. S. Porter Miller, of the American 
University at Cairo, Egypt, writes suggest- 
ing the substitution of ethyl acetate, which 
seems to be just as satisfactory. Amy] 
alcohol has also been used with success. 


Agilene Hydrometer Cylinders 


A unique hydrometer cylinder is the - 


latest addition to the line of Agilene (poly- 
ethylene) laboratory ware manufactured 
by American Agile Corp., Bedford, Ohio. 


In addition to being non-breakable and 
resistant to damage by solutions which at- 
tack glass, the cylinder shown incorporates 
several features which bring new safety 
and convenience to measurement of spe- 
cific gravity of toxic or corrosive liquids. 

The construction of the cylinder makes 
it possible to take gravity measurements 
with the cylinder completely filled. In 
this manner the liquid surface is kept at a 
point where the hydrometer is easily read, 
the overflow container catching the liquid 
displaced. Valuable materials are not 
lost, dangerous liquids are not spilled. A 
molded pouring spout permits easy and 
safe transfer of liquids from the vessel. 


Cotton Ion Exchanger 


Cotton may be used as an ion-exchange 
field, according to chemists at the Depart- 


ment of Agriculture Southern Regional 
Research Laboratory, New Orleans. 
They found that cotton, altered by intro- 
duction of certain reactive groups to re- 
place the hydroxy] groups in the cellulose 
molecule, shows ion-exchange capacities. 
Use will probably be based on the unique 
physical form of the new exchangers. 
Ease in handling and re-use possibilities 
should fit them for certain specialized 
applications. 


New Pyrogen and Bacterial Reten- 
tive Filter 


Ertel Engineering Corp., 90 Front St., 
Kingston, New York, announces the addi- 
tion of a new filter to its extensive line. 
The unit to be known as Model 8-ESS 
accommodates 8-in. square Ertel Asbestos 


Filter Sheets. It is available in highly 
polished stainless steel, Lucite and stain- 
less steel, or all Lucite construction. For 
pyrogen work the design provides for 
double filtration and includes Ertel stone 
fiber eliminator. 

A Model 4-Ess for smaller capacity 
filtration is also available. The compact 
size of both the 4- and the 8-in. models 
make them ideal for use in laboratories as 
well as for production. 

Bulletin 8-ESS illustrating and de- 
scribing these models in detail is available 
on request. 


New Chemicals 


@ American Cyanamid Co. has increased 
production and reduced prices of seven 
new chemical products now being mark- 


YOU TAKE re STEP 


WE’LL TAKE THE Cocond 


New Laboratories of 
Froedtert Grain and 
Malting Co., Milwau- 
kee, Wis. are Kewau- 
nee equipped. 


WITHOUT COST TO YOU 


More and more business institutions are taking advantage of this 


eT helpful service rendered without cost by Kewaunee’s staff of 


You send us 
your Laboratory Floor 
Plans. 


Laboratory Engineers. You, too, will want to profit by Kewaunee’s 
50 years of experience in equipping America’s finest Laboratories. 


It's a good plan to rush floor plans to Kewaunee—early. 
—You'll save time and money 


—You'll insure better use of floor space 


—You'll enjoy greater working convenience 


ND —You'll provide for future expansion 


We'll send 
you carefully engi- 
neered layout. 


—You'll avoid chances of costly mistakes and regrets 


If they're ready—send your floor plans Today. But if your building 
program is not that far advanced, and you simply want to see 
what Kewaunee has to offer in modern cabinets, storage cases, 
laboratory desks, sinks and latest design fume hoods for handling 


radioactive and toxic materials, etc., ask for catalog and helpful 
literature of Kewaunee Laboratory Equipment. See how carefully 
every piece is designed for utmost sanitation, superquiet operation, 
working convenience, and lasting service. 


Please specify whether interested in wood or metal laboratory 


equipment. 
ADDRESS: 


Wall Sink No. 210 
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For Fine Organic 


if You Use high purity process 
chemicals, you no doubt know 
“Baker & Adamson” products well, 
for as America’s foremost producer 
of fine chemicals, B&A has supplied 
leaders in industry for over 50 years. 


While B&A is recognized primarily 
for its inorganic fine chemicals, it is 
also a pioneer in the organic field, 
producing many “specialties” re- 


quired by industry. 


With its versatile and extensive 
production facilities, B&A is in an 
excellent position to work with you 


BAKER & ADAMSON 


in providing special organics not 
available from regular commercial 
sources. A number of the B&A or- 
ganic chemicals listed here were 
originally developed for customers’ 
research and product development 
programs. 


If You Need special organics in 
commercial or pilot plant quantities, 
it will pay you to investigate B&A’s 
ability to make them for you. 
Your call may prove the start 
of a satisfying, lasting relation- 
ship for you as it has for so 
many other companies, 


GENERAL CHEMICAL DIVISION 
Allied Chemical & Dye Corporation 
40 Rector Street, New York 6, N. Y. 
Offices: Albany* * Atlanta * Baltimore* * Birmingham* * Boston* * Bridgeport* * Buffalo* 


Charlotte* * Chicago* * Cleveland* * Denver* * Detroit* * Houston* * Jack 


ville * Kalamazoo 


Los Angeles* * Minneapolis * New York* * Philadelphia* * Pittsburgh* * Providence* 
St. Louis* * San Francisco* * Seattle * Yakima (Wash.) 
In Wisconsin: General Chemical Company, Inc., Milwaukee 
Montreal 


In Canada: The Nichols Chemical Company, Limited ° 


* © Toronto* * Vancouver* 


SETTING THE PACE IN CHEMICAL PURITY SINCE 1882 


Kt) 


*Complete stocks carried here 
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Specialties 


Typical examples of 

Baker & Adamson Fine Organic 
Special Chemicals are: 
Acetamide 

Anhydrous Oxalic Acid 
Cadmium Propionate 
Oxamide 

Oxanilide 

Salicylamide 

Sodium Biphthalate 


Sodium Salt of Dimethyl! 
Glyoxime 


STANDARD 
or 
PURITY 
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eted for experimental use. The products 
are Acrylamide, B-Diethylaminopropio- 
nitrile, B-Dimethylaminopropionitrile, B- 
Ethoxypropionitrile, | B-Methoxypropio- 
nitrile, N,N’-Methylenebisacrylamide, 
Succinonitrile. For information on the 
potential uses and a description of chemi- 
cal properties for any of these chemicals, 
write to New Product Development De- 
partment, American Cyanamid Co., 30 
Rockefeller Plaza, New York, New York. 


@ Two new reagents—N',N'-Diethylsul- 
fanilamide, and m-Toloxyacetic acid—are 
among a group of ten new compounds 
which have just been added to the East- 
man list of more than 3,500 organic chemi- 
cals, 


takes ad- 
vantage of the ability of sulfa compounds 
to act as colorimetric reagents for thyrox- 
ine. It provides an assay based on diazo- 
tization of the reagent, formation of a 
strongly colored reaction product with 
thyroxine, and extraction in n-butanol. 


m-Toloxyacetic Acid is a reagent for 
separating thorium from the rare earths of 
monazite sands and from uranium. It is 
available in larger-than-laboratory quan- 
tities. 


Free abstracts of the procedures for both 


of these chemicals and the complete list of 
new organic chemicals introduced at this 
time are available from Distillation Prod- 
ucts Industries, Eastman Organic Chemi- 
cals Department, Rochester 3, N. Y. 


New Literature 


@ Allied Radio Corp. announces the re- 


lease of its new 1954 catalog (No. 135) © 


featuring an unusually large selection of 
radio, television, and electronics parts and 
equipment for use in schools, classrooms, 
laboratories, and shops. The 1954 edi- 
tion of this electronics buying guide is the 
largest in the company’s history—268 
pages listing over 20,000 items. Of great, 
interest to teachers and other school 
personnel is the extremely wide selection 
of training kits, test equipment, books and 
diagrams, parts and tubes, and other 
equipment required for radio and elec- 
tronic training activities. The catalog 
is available without charge from Allied 


Radio Corp., 100 N. Western Ave., 


Chicago 80, Illinois. 


@A new, 20-page illustrated manual, 
“Guide to the Use of Anhydrous Am- 
monia”’ is available from the Nitrogen 
Division, Allied Chemical & Dye Corp., 
40 Rector St., New York 6, New York. 


The manual describes the physical and 
chemical properties, and specifications of 
anhydrous ammonia in cylinders; and 
covers its principal applications, handling 
and operating techniques, and safety in- 
structions to be observed. 


In addition, the manual gives detailed 
instructions on linking cylinders together 
to achieve the most economical operating 
results. Charts, technical drawings, and 
specifications are included to guide the 
user, 


GLA/SWARE 


ACE GLASs 


INCORPORATED 


ACE GLASS 
Manufacturer$ 


VINELAND, N. J. 


CHEMICAL 
INDUSTRIAL 
LABORATORY 
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Acenaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid; 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; cis- 
Aconitie Acid; Acridine Hydr ochloride, Adenosine Diphosphate; 
Anserine; Arachidic Acid; Arachidonic Acid; 1-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo- 


TRADE MARK 


GLASS 


FOR 
Sonanayebiertse, Carnosine; Catalase cryst.; Cellulase Cerotic Acia; 
CATALOG Ceryl Alcohol -Chloralose; 8-Chloralose. p-Chloroani ilidophos- 
DRYING OVENS Acid,” Cholesterol Esters; Circele. 


tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin:; Dialuric Acid; Dibromosalicylaldehyde; 


ndosuccinic Derivatives; Enzymes; Equilenin; Equilin ic Acid; 

CONVECTED Ethylenediamine Tetraacetic Acid; thylpyridinium 

Bromide; Fructose-6-Phosphate; Gitoxin; Glecoascorbic Acid; Gluco- 

FOR DRYING sides; Giucuronides; Phosphate; Glycylslycy 
Glycylleucine; Glycyltryptophane: Hex 

and sterilizing Lab Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 


o-lodosobenzoic Acid; lsoascorbic Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; Lactobionic Acid; 
Lignoceric Acid; Lithium Amide; Margatic A Glucuron- 
ide; 8-Mercaptopropionic Acid, Mescaline Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Mathylerotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 8-Naphthaleneacetic Acid; N-Naph- 
hyl-N ’-dieth Naphthyl Red; Neurine Bromide; 
Nitrosomethylurea; droguaiaretic Acid; COsmic Acid; Para- 
Phenylpyruvic Acid; Phosphopyruvic ‘Acid d; Phthiocol; Eoognanetens) 
Protocatechuic Acid; Pyrimidine 
‘Acid; Sodium Amide; Sodium F Sphin Senin: 
phenyl; 7 p-Teroh Thiomalic Acid; 8-Tocopherol; 
3-Tocoph erol; y-Toco sherol Phosphate; 
Trepie Acid; T eryst.; Uridine; Uro- 
lin; Ursolic Acid; Vitamin Bi. 


GLASSWARE 


While the primary use of 
this oven is to rapidly re- 
move all moisture from 
glassware, it willdo many 
other tasks in the lab of 
a utility nature. 


The interior is entirely of stain- 
less steel, the exterior heavy 
gauge steel rustproofed and fin- 
ished in grey enamel. 


No. Interior 
30 rs Ask us for others! 


DELTA CHEMICAL WORKS nc. 


3 (23 West 60th St. New York 23,N. Y. 
Telephone Plaza7-6317. 


{/ 
THE ELECTRIC COMPANY, Inc. 


5097 COTTMAN STREET. PHILADELPHIA 35, PA 


ALBERENE STONE 
IS 
e@ highly resistant 
to chemicals 
essentially non-staining 
e durable 
e attractive 


@ suitable for construction 
of liquid-, gas-, and 


germ -pro of joints ANOTHER MODERN RESEARCH LAB equipped with Alberene Stone table tops and 
sinks . . . new SOLVAY LABORATORY, Solvay Process Division, Allied Chemical & 
Dye Corporation, Syracuse, N. Y. Architects—The H. K. Ferguson Company. 


For full technical information, and for 
expert assistance in designing your labo- 
ratory, write Alberene Stone Corp. of 


Virginia, 419 Fourth Avenue, New York | ALBERENE STONE 


16, N. Y., or visit our nearest branch office. 


Branches in Principal Cities 
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LABORATORY 
PROBLEMS 
IN GENERAL 
CHEMISTRY 


by Howard Nechamkin, Pratt Institute 
“A most desirable departure from the usual” : 


This new manual “designed to encourage a spirit of 3 | in the student and 
to emphasize the importance of experimental techniques”’ is already in use in more 
than fifty colleges. 


Teachers Guide, including answers to questions and problems, available 
without charge to instructors using the manual. 


1953 © 271 pages © 5% x8% © 19 figures Hardcover $2.50 


SELECTED 
EXPERIMENTS 
IN COLLEGE 
CHEMISTRY 


by Joseph A. Babor and Alexander Lehrman 
The City College of New York 


A Manual for Minimum Requirements 


Thirty-two of the most frequently used experiments were selected from the authors’ 
widely used Laboratory Studies in College Chemistry (1952) to form this brief, inex- 
pensive manual. 


1953 © 125 pages © 8x10% © 34 figures © Paper © $1.50 


BASIC 
COLLEGE 
CHEMISTRY, 


Second Edition 


by Joseph A. Babor 
The City College of New York 


"Noteworthy for clear diagrams, pictures of typical laboratory apparatus, and good 
handling of problems” 

This Second Edition has been praised for its clear writing, organization, and format. 
Features include the use of a recent form of Periodic Table based en:electron con- 
figuration, with the standard Mendelejeff Table and one of the other long forms in- 
cluded for easy reference and comparison. 


1953 © T76pages © 5% x8% © 150 figures © Cloth © $5.00 


Write for list of Rare Inorganic Chemicals. 


AMEND DRUG & CHEMICAL Co., INC. 
117-119 East 24th Street New York 10, N. Y. 


THOMAS Y. CROWELL COMPANY e 432 Fourth Avenue, New York 16, N. Y. 


For Efficient Service—Specify 


3 Please mention CHEMICAL EDUCATION when writing to advertisers 


7 
7 | 
i | 
| 
| 
| 
| 
4 | 
| 
(x % Along with that unusual chemical from 
S| Amend —you can also get your favorite 
~ of Reagent Chemicals. 
Save by getting all your chemicals from one source. | | 


ALL GLASS AUTOMATIC 
WATER DISTILLING 


APPARATUS: 


This highly efficient automatic water 
distillation apparatus, produces 2.2 
to 2.4 liters of water continuously 
per hour. 
n 
Distributio yah ong precisely the 
@ Water level in flask remains pas 
@ Flask and condenser suspended on special 
moveable support. 


@ Low water usage—zasy replacement of 


PERFORMANCE DATA: Using 
a 13mm. burner, boiling point is 
quickly obtained. Construction of 
cooling unit is such that distilled 
water produced is almost cold. All 
glass parts made of Pyrex brand glass. 


Barnstead , 
sTiLLs 


For those who need 
the highest purity dis- 
tilled water, free from 
all types of impurities, 
including organic and 
colloidal impurities, 
and bacteria, the Barn- 
stead Water Still is 
the sure, proven, dependable answer, 
Capacities ¥ to 1000 gallons. Write 
for Catalog F. 


Barnstead DEMINERALIZERS 


The Barnstead Bantam Demineralizer is 
particularly convenient for laboratories 


Complete Apparatus... $74.50 £ ‘ 


Replacement parts available FOB Factory 


SAFETY PIPETTE FILLER 


for Isotopes, Cyanides, Acids with the 
ingenious new 


Avoids risky mouth eee 


that need only mineral-free water. Em- 
ploys renewable cartridge. No regenera- 
tion required. Capacity 5 to 8 gallons 
per hour. Now used by hundreds 
of laboratories. 
Write for Bul- 
letin #124. 


PROPIPETTE 


e Gack complete control 
@ Holds set level indefinitely 
@ Fits any pipette 

@ Simple to use 


Money refunded within 10 days! only $6.90 each 
Complete instructions enclosed with each Propipette 
For Immediate Service, Write or Phone 
LABORATORY GLASS SUPPLY COMPANY 
610 West 150th St., New York, N. Y. 


Forest Hills 
Boston 31, Mass. 


ADirondack 4-2626 


BS. Hopkins and J. C. Bailar 
GENERAL CHEMISTRY FOR COLLEGES, FOURTH EDITION 


704 pages $6.00 
“A stimulating text to both the student and the teacher.”” Many teachers 
havesaidit. Large adoptions prove it. With laboratory manual, LABORATORY 
AND CLAssrooM EXERCISES IN GENERAL CHEMISTRY, StxtH Eprt1on, by 
Hopkins, Moeller, and Tamres. 


L. F. Fieser and M. Fieser 
ORGANIC CHEMISTRY, SECOND EDITION 
1140 pages $8.00 


Sales Offices: ‘“*A wonderful book.” “A tremendous book.” ‘The finest one-volume treat- 
New York 14 ment of organic chemistry in the English language.”’ Extravagant claims? 
Cuicaco 16 No, words straight from teachers who have used the book. 
San FRANcIsco 5 
AtLanta 3 L. F. Fieser and M. Fieser 
Dattas 1 TEXTBOOK OF ORGANIC CHEMISTRY 
. 749 pages $6.50 
¥ ss sg : A brief text for the one-year course, providing a solid foundation of fact and 
cece theory. ‘‘A fascinating and most readable account.” ‘‘Just enough of every- 
thing.” 
D. C. HEATH 
and Company 8 J. W. McBain William C. Oelke 
COLLOID SCIENCE SEMIMICRO QUALITATIVE ANALYSIS 
458 pages $6.75 386 pages $4.00 
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“The Versatile Desiccant” 
For Drying 
SOLIDS —LIQUIDS GASES 


For eighteen years serving the 


INSTITUTIONS— INDUSTRIES 
LABORATORIES—PLANTS 


in the solution of their drying problems 


Efficient — Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. H.O per liter. 


Versatile — An all-purpose desiccant. 


Non-Wetting — Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral — Dries without reacting with either 
acid or alkaline materials. 


Inert — Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative — Repeatedly after any normal 
use, by dehydration at 235 to 250° C. 


Economical — Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 

References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 


Please mention CHEMICAL EDUCATION when writing to advertisers 


WHATMAN 


Filter Paper No. 
For General Student Use 


Educational Institutions at all levels 
have standardized on WHATMAN 
Filter Paper No. 1 for student use 
in elementary chemistry, qualitative 
analysis, organic chemistry and in 
all work where a high grade, inex- 
pensive, qualitative filter paper of 
medium retentiveness and rapidity is 


required. 
For gravimetric analyses requir- 


ing low ash papers the forty series 
is used and for use in Buechner Fun- 
nels and for other purposes where 
great strength and resistance to al- 
kalies and acids are essential WHAT- 
MAN Hardened Filter Papers Nos. 
50, 52 and 54 are specified. 

If you are not completely stand- 
ardized on WHATMAN, it will pay 
you to send for samples and a de- 
scriptive catalog today. 


H. REEVE ANGEL & CO., INC. 


52 Duane St. New York 7, N. Y. 


Remember that for Chromatography and 
Electrophoresis, WHATMAN Filter Papers 
and Cellulose Powders are world famous. 
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About the most important years in this 
country’s chemical history ....... 


- CHEMICAL AND SCIENTIFIC PORCELAIN WARE 


ic equipment OF ALL MODERN TESTING LABORATORIES 


Coors PORCELAIN COMPANY 


COLDEN COLORADO 


the field of ceramics. 


produced. 


= Coors Porcelain Company 
of Golden, Colorado, is a leader in 


Their product is universally recognized by 
discriminating chemists and manufacturers 
as the finest chemical and industrial ware 


The Life of Ira Remsen 
by Frederick H. Getman 


> “As a biography of a man important in the history of 

erican Chemistry, Prof. Getman’s story is well and 

sympathetically told. He has had access to diaries 

pees letters and family memorabilia which enabled 

im to write a book which students of chemical] his- 
tory and Remsen’s many friends will welcome. 


> “But more than the life of a great chemist and teacher, 
the book is a condensed version of the most important years 
in this country’s chemical and chemical engineering his- 
tory. Dr. Remsen saw the collegiate idea change from 
the viewpoint of chemistry as just a part of a general 
cultural training to that where it was a science and 
taught as such. He saw the general acceptance by 
industry of the idea of the necessity of adoption of the 
most scientific methods possible. And it may be said 
that the growth of these ideas was in a large part due to 

the teachings of Dr. Remsen.”’ 
‘Chemical Engineering 
This story of the career of a leader in the establishment 
e of sound scientific instruction in chemistry and chemi- 
cal research in America belongs in the library of every 
chemist and chemistry teacher. For the general reader 
who takes pleasures in coming into intimate contact 
with the lives of great people, it is a rewarding biogra- 


phy of a notable career. 

Handsomely bound, gold stamped, and illustrated with 
photographs. 

172 pages (POsTPAID) $3.50 


CHEMICAL EDUCATION PUBLICATIONS 


EASTON, PENNSYLVANIA 


ALCONOX is Used by Hundreds of Nation- 
ally Known Industries, Institutions and 
Hospitals to clean 


LABORATORY EQUIPMENT 


SURGICAL TESTING TUBES 
INSTRUMENTS NEEDLES 

ANESTHESIA 

HYPO NEEDLES 

RUBBER TUBING EQUIPMENT 

OPERATING KNIVES AMPULS 

FACE MASKS BED PANS—TILE 

PAINTED WOODWORK 

FLASKS 

SLIDES INDOWS 

COVER GLASSES LINOLEUM 

PIPETTES KITCHEN EQUIPMENT 

GRADUATES IN THE LAUNDRY 

CREOSOTE & OLEUM FLASKS 


*Reg U. S. Pat. Office 


POWERFUL WETTING AGENT 
AND DETERGENT 


LCONOX* is a powerful wetting agent detergent 

cleaner for hospitals, industries, institutions and 
homes. It is based upon an entirely new principle 
of detergent action. 


ALCONOX contains no soap, yet will produce abundant lather in 
water of any degree of hardness, without forming insoluble calcium 
film. It removes grease, fat, grit and blood easily; is non-poisonous, 
odorless and non-irritating to skin and tissues. 


PROPERTIES 


@ Clear, odorless and stable in solution. 

@ Breaks down foreign particles. 

e Prevents growth of solid matter and 
accumulation of particles. 

e Excellent in hot solutions. 


@ Will penetrate irregular and in acces- 
sible surfaces. 


e Light, free flowing. 
e Alkaline, approximately 9.0 pH. 


e Dissolves completely in hot or cold 
water. 


e Breaks up larger particles of grit or dirt. 
e Emulsifies many oils and waxes. 


e@ Foams abundantly and readiy in hard e Detergent action more physical than 


water. chemical. 


THE RUPP and BOWMAN COMPANY 
SCIENTIFIC APPARATUS DEPARTMENT 


315-319 SUPERIOR STREET 


TOLEDO 3, OHIO 
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TELEVISION TUBES 


NYLAB 


SCIENTIFIC INSTRUMENTS cee’ APPARATUS 


Weighing 


Funnel 


For SPEEDY, PRECISE, WEIGHING .. . 
NO LOSS IN TRANSFERS— 


Place material to be weighed in covered-front 


and/or open-rear sections. Complete transfers 
easy—rinse material directly — funnel tip 
into receiver. Stable, flat base. . . lightweight. 


Catalog No. | Diam. (mm) {Length (mm)| Price, dozen 
12803 15 40 9.50 
12804 25 65 10.50 
12805 38 100 13.50 
Orders must be in lots of dozen of one size. 10% 


discount on orders of 6 dozen of same or assorted sizes. 


Polyethylene "Police Rods” 
FOR ALL STIRRING 


One piece molded, flexible, chemically inert 
polyethylene rods are unbreakable, can be bent 
to angle required. Thin paddle ends may be 
trimmed with scissors. Usable for short periods 
at temperatures up to 100°C. Wire stiffened. 


Approximate Price, 

Catalog No. overall length dozen 
77520 6 in. 3.75 
77523 9 in. 4.75 


Discount of 10% om gross lots 


Catalog No. 7 


For EASY 
ORDERING of 
all LABORATORY 
NEEDS— 


Comprehensive, easy-to-use. Latest instru- 
ments and apparatus. Handy cross-reference 
section. Over 3500 clear, factual illustrations 

..descriptive material. Items separately num- 
bered. Printed on heavy stock, bound in 
durable Fabrikoid. 


TO GET YOUR COPY: Write on company or 
institution letterhead giving name title. 


NE p-YORK. 


KEY TO ALL 


LABORATORY SUPPLIES CAnal 6-6504 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Action 
from 


Andrews 


Lab and Industrial Glassware 
backed by 33 years of Know-How 


PHONE VINELAND 9-4816. You'll talk to one of our 
technically-trained staff, be assured of prompt and 
intelligent service! 


MAIL ORDERS processed immediately. 


PRICES ARE ALWAYS RIGHT. On many items, additional 
discounts for quantity. 


CATALOGS on request. 


drews Glass Co.,Inc. 


Dept. 27, 518 Mayfair St., Vineland, N. J. 


cost 


OXYGEN and CO? 
Analysis 


FYRITE Gas Analyzer shown at the left is 
available in two models—one for direct 
C02 analysis, the other for direct oxygen 
analysis. Both instruments employ the 
volumetric method of gas analysis involving 
selective absorption of CO. or oxygen by 
a chemical absorbent. A complete analysis 
can be made in 40 seconds. Accuracy is 
within one-half of one per cent CO2 or 
oxygen. Absorbing fluids are furnished in 
individually bottled refills, and replacement 
of the fluid in the instrument merely re- 
quires removing the four screws that hold 
the cap assembly In place. 


Write for 
Leaflet 1-700 


Available Individually or As A Set 


FYRITE Gas Analyzers can be supplied individvally— 
in a metal instrument chest complete with rubber 
aspirator, rubber and metal sampling tubing and 
filter, as shown at the right; or in ao “Duplex Kit" 
which comprises both CO2 and Oxygen Analyzers 
together with one complete gas sampling assembly 
connecting either instrument to the desired sam- 
pling point. 


BACHARACH Industrial Instrument ae 


7301 Penn Avenue °* Pittsburgh 8, Pa. 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


C.B.Z. 


CARBOBENZOXY CHLORIDE 99% 
(BENZYL CHLOROFORMATE) 


and Complete line of 
C.B.Z. AMINO ACIDS 
Prompt Delivery 
MANN ASSAYED BIOCHEMICALS 
Price List #119 on Request 
MANN RESEARCH LABORATORIES 
136 Liberty St., New York 6, N. Y. 


Mois-Tec RG 


A new reagent for low concentrations of 
water, with possibilities of usefulness in 
many fields. 

Write for Data Sheet RG-JCE 


R. P. CARGILLE LABORATORIES, INC. 
117 Liberty Street New York 6, N. ¥. 


N-Methyl-sec.— Butyl Ketone 
b-Mercaptoethylamine HCI 
N-Propyl-sec.—Butyl Ketone 
N-Propyl-iso— Butyl Ketone 


EDCAN LABORATORIES 
Box 489, South Norwalk, Conn. 


CHEMICALS 
RAR METALS 
MINERALS 
“CESIUM & RUBIDIUM SALTS” 


Send for Lists 
A. D. MACKAY, INC. 
198 Broadway, New York 38, N. Y. 


MAGNETIC $4995 
STIRRER 


No Chrome « No Gadgets + Strictly Utilitarian 
Alnico Magnet » Switch » Metal Case 
JAMES INSTRUMENT COMPANY 
P. O. Box 757 Newark 1, N. J. 


GLASS BLOWING 
by Experts 


According to specifications for chemical, medical, 
Industrial RESEARCH LABORATORIES. 
Please ask for our quotation 
LABORATORY GLASS SUPPLY CO. 
610 W. 150th St. New York 31, .N. Y. 


The World's 
Most Comprehensive 


LABORATORY 


available for tests & product evaluation 


FULLY DESCRIBED IN 20 PAGE 
BOOK...WRITE FOR COPY 


BOWEN ENGINEERING, INC. 


NORTH BRANCH, N. J 


Recognized Leader in Spray 
Dryer Engineering Since 1926 


NOW OVER 5/00 
CHEMICALS 


4,4’-Dipiperidyl 

® 2,2'-Diquinolyl 

8-Distearin 

@ Dithiodiglycol 

® a,8-Dithiopropionic Acid 

Dithioresorcinol 

@ Dithiosalicylic Acid 

@ Dithiothymine 

@ Dithiouracil 

Dithranol 

Di-n-tolylmercury 

Divinylsulfone 

®@ Dodecylpiperidine Stearate 
Durenediamine 
Durohydroquinone 
Duroquinone 
Dysprosium 
a-Elaeostearic Acid 
Elaidic Acid 


ASK FOR OUR NEW 
COMPLETE CATALOGUE 


17 West 60th St. New York 23, N.Y. 
Plaza 7-817) 


Safer . . . Happier 


thanks to 
Christmas Seals! 


Like a 
barrier formed by Christmas Seals 
helps to guard us against tuber- 
culosis. 


rotective radar network, a 


The money which you donate for 
Seals fights TB the year round - 
with continuing medical research, 
education, rehabilitation, and case 
finding. 


To keep the barrier high, send your 
contribution today, please, to your 
tuberculosis association. 


2ud Edition. 


revised, reset and enlarged 


POLAROGRAPHIC METHOD OF ANALYSIS 


By OTTO H. MULLER 


This new edition has been completely re- 
vised, reset and enlarged to approximately 
twice the number of pages in the original 
edition. 


Perhaps nowhere else can be found the 
kind of comparison of different electro- 
chemical methods of analysis made by 
Dr. Miiller. Discussions are given in 
simple language of conductometric titra- 
tions and electrophoretic methods and 
their relation to electrolytic, potentio- 
metric, and polarographic methods. 


Various types of current observed in 
polarography (residual, absorption, migra- 
tion, diffusion, kinetic and catalytic) are 
treated extensively and each is illustrated 
by simple experiments which can be car- 
ried out in any student laboratory. Dr. 
Miiller shows how to distinguish between 
these types of currents and how to 
recognize diffusion, kinetic and catalytic 
currents by varying the drop-time or -size 
of the mercury electrode. 


The author has presented a new approach 
to the problem of polarization of an elec- 
trode which may have some value for 
student instruction. Detailed discussion 
of this problem includes directions for 
testing the non-polarizability of an elec- 
trode. 


Rather than enumerate a number of de- 
tailed analytical procedures, Dr. Miiller 
has given the principles on which these 
are based, with sufficient instruction to 
enable anyone to develop his own, or 
carry out a published analytical procedure. 
Following the given directions, no one 
should find it difficult to test the polaro- 
graphic reversibility of a reaction or to 
determine the coordination number of a 
complex metallic ion. 


Every experiment described in POLARO- 
GRAPHIC METHOD OF ANALYSIS 
can be carried out with the simplest of 
apparatus. Complete details for con- 
struction of such apparatus are given in 
the book. 

$3.50 


209 pp. illustrated 


vase CHEMICAL EDUCATION PUBLISHING CO, == 
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Indispensable ____ 
for the teacher 
for the chemist | 
for the graduate student 


THE JOURNAL OF CHEMICAL EDU- 
CATION is a continuing university for 
the teacher and for the chemist in in- 
dustry. It is an open forum for the 
exchange of ideas and experiences, the 
value of which is apparent to chemists 
in industry as well as to all chemistry 
teachers. 


Solutions to problems, improvements in 
technique and practice, new theories 
and ideas become common knowledge 
for the benefit and guidance of all. 


While the JOURNAL is the chemistry 
teachers’ own periodical its editorial 
columns are open and of interest to the 
industrial or research chemist also. 


Not only does the JOURNAL feature 
ariticles pertaining to education and 
educational practices, such as teaching 
methods, educational studies and statis- 
tics, but . . . . it carries original papers 
from prominent educational and re- 
search chemists as well. 


Its articles on new and revised labora- 
tory procedure and technique, and on 
the construction of laboratory appara- 
tus, are of value to all chemists. 


Other articles in the JOURNAL, which 
are most often referred to by commenta- 
tors, are its reviews of industrial proc- 
esses and practices, and its historical 
and biographical sketches. Abstracts, 
book reviews and extended discussions 
of subjects impossible to include in 
textbooks are regular features. 


| These articles are clear, concise and 
authoritative. They are varied in topic 
and sufficiently non-technical to be of 
general value. They form a living text- 
| book of chemistry—an invaluable 
source of material not to be found in 
reference volumes, or elsewhere. 


Thousands of chemists and chemistry 
teachers use the JOURNAL in their own 
special way to meet their own special 
problems, and it is readily adaptable to 
a multitude of such uses. You too, 
will find the JOURNAL helpful, in- 
formative .... and highly readable. 


SUBSCRIPTION RATES 
1 year 2 years 


Domestic and coun- 
tries in Pan. Ameri- 


JOURNAL OF CHEMICAL EDUCATIO 
EASTON, PENNSYLVANIA 
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FILTRATION CHART 


FREE 


TO ANALYTICAL CHEMISTS 


‘ff you are an analytical chemist, 
this handy, desk-size S&S Filtra- 
tion Chart belongs in your 
Jaboratory. 

Analytical laboratories have long 
been familiar with standardized, 
high-quality S&S Analytical 
Filter Papers. 

Now, here is complete data on 
the relative retention values of 
S&S Analytical Filter Papers, and 
other brands, in convenient size 
for ready reference. This data 
makes it possible to tell at a 
glance which grade of paper to 
select for a given analysis. 

Send for your valuable, free S&S 
Filtration Chart. Act now! Use 
the handy coupon below! 


S&S ULTRA FILTERS 
S&S dual-purpose ultra filters — 
smooth-surfaced membranes pos- 
sessing extremely uniform micro- 
structure—are ideal for filtration of 
colloids, proteins, and micro-organ- 
isms, as well as dialysis and osmosis. 
Mail coupon below for your free 
S&S Ultra Filter Catalog. 


MAIL THIS COUPON TODAY 


1 SS) CARL SCHLEICHER & SCHUELL CO. 
Dept. J-12, KEENE, NEW HAMPSHIRE 
Send me your FREE 


0 S&S Filtration Chart 
i 0) S&S Ultra Filter Catalog 
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in balances... 
IT's THE LITTLE THINGS 


BOMBS 


For rapid combustion reactions with 
sodium peroxide to determine: 


Boron 
Bromine 

Cllorine 


22 mi Sel 


For example— 


(and quite obviously) the weights and riders. 
The highly polished Ainsworth 25-20 Stainless 
Steel weights have a smoother surface for re- 
sistance to contamination and corrosion. 
Each individual Ainsworth weight is 


Sellar 


checked against factory standards which are 
42 ml 1 


themselves frequently rechecked by the U.S. 


Bureau of Standards. You can depend on In coal, coke, organic 
compounds, petroleum 
and petroleum products, 


rubber and other diffi- 


Ainsworth weights being within tolerance and 


staying that way longer. 


SPECIFY AINSWORTH Ask your PARR Dealer  Cultly soluble organic 
for full information or materials 
Balances and Weights — 


wer, AINSWORTH & SONS, Inc. 
LAWRENCE STREET @ DENVER 2, COLORADO 
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TO OBTAIN DIRECT RATIO 
SPECTRAL TRANSMISSION 


MEASUREMENTS OR RECORDINGS 


TH 


Designed fo 
any Spectrometric Eq 


aN 


Comparator with cover removed 


RATIO COMPARATOR 


r Attachment to 


The Farrand Hornig Ratio Comparator provides a means of 
determining directly the spectral transmission curve of a 
substance relative to that of a standard. 


Maximum freedom of choice of sample size and sample 
volume is maintained with the object of making the system 
available for use with any desired dispersing means. 


The Comparator and associated electrical networks provide 
the general means of determination of the ratio of light 
flux in two beams. 


The instrument can be used independently or linked 
to M h tors, Spectrometers, Spectrophotometers, 
Photometers, etc. for ratio measurements in the ultra-violet, 

visible or infrared regions, 


providing the auxiliary equip- 
ment or accessories are suit- 
“sae G ably adapted for the chosen 
function. 
DEVELOPMENT 
DESIGN and 
MANUFACTURE For further information 
of send for Farrand 
PRECISION OPTICS, Bulletin No. 812 
ELECTRONIC AND 


SCIENTIFIC 
INSTRUMENTS 


| BRONX BOULEVARD & EAST 238th STREET, NEW YORK 70, N. 


features: 


OPTICAL AND MECHANICAL ARRANGEMENT PER- 
MITS FLEXIBILITY IN THE USE OF SMALL AND 
LARGE SAMPLE CELLS, FILTERS, POLARIZERS, ETC. 
ERRORS IN RATIO CAUSED BY FREQUENCY CHAR- 
ACTERISTICS OF DETECTORS, TRANSFORMERS OR 
AMPLIFIERS ARE ELIMINATED. 
* 
ENERGY IN COMPARISON BEAM KEPT CONSTANT 
AT ANY PREDETERMINED LEVEL. 
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Instructor or student, you’ll find many uses for this 
convenient version of the popular Fisher Simplified 
Periodic Chart. Slip it in your notebook for ready 
reference during lecture preparation or study. Mount 
it on top of your desk where use of a wall chart 
is impractical. 


As with the larger Fisher charts, the notebook size 
includes basic information suggested by chemistry 
staffs of leading universities and colleges. It gives 
atomic numbers (printed in red) and the orbital 
electron distributions for the noble gas elements. 
Metals are separated from non-metals. Group “A” 


Fisher Wall Charts Also Available: 
Lecture-Size, 52” x 76", 2 colors, 
heavy varnished stock, wooden strips 
top and bottom, $9.75 each; Office- 
Size, 222" x 32”, metal strips top 
and bottom, hanging eyelets, $3.00 
each ($2.75 each in lots of 12). 


elements are separated from “B” elements. Lan- 
thanum and Actinium series, including elements 97 
and 98, are distinctly separated from all other elements. 


The reverse side of the chart carries an electro- 
motive force table of the elements, with respective 
ions; and a four-place logarithm table. 


Printed on sturdy 814” x 11” white stock, and 
punched for standard three-ring binder, Fisher Note- 
book-Size Periodic Charts are available for only $4.50 
per pack of 100. Order yours today! (A free sample is 
available to instructors.) Write to Dept. X. 


Complete stocks of laboratory instruments, apparatus, reagent chemicals, 
furniture, and supplies at PITTSBURGH, NEW YORK, ST. LOUIS, WASH- 
INGTON, MONTREAL and TORONTO. For more information write: 
Fisher Scientific Co., 717 Forbes St., Pittsburgh 19, eae ' 


FISHER SCIENTIFIC 


America's Largest Manufacturer-Distributor of Laboratory Appli 
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